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Section I 

INTRODUCTION AND SLWARY 

MODULE STRUCITJRE 

The landing gear module is written in FORTRAN IV extended for the 
CDC 16600 computer. It is contained in overlay (6,0), which is considerably 
smaller than the 50,000-octal core limit of SWEEP. 

The landing gear module consists of a main program, LANDGR, and five 
subroutines - LGEAR, UM,  LOADS, LG3P, and BMDR: 

• UVNDGR - Reads input data 

• LGEAR - Determines drag, side, and vertical loads on wheels 

• LOADS - Determines axial and normal loads on strut 

• LGIVT  - Computes weight of landing gear 

• BMOR  - Determines bending modulus of rupture and torsion modulus 
of rupture 

• LG3P  - Three-point interpolation routine 

DESIGN PARAMETERS 

The design parameters which are included in the landing gear analysis 
are: 

• Takeoff and landing weights of aircraft 

• Wing area 

• Center of gravity of aircraft at takeoff and landing weights 

• Distance from center of gravity to ground 

• Landing speed at takeoff and landing weights 

• Sink speed at takeoff and landing weights 

482 



• Load factor at takeoff and landing weights 

e Coefficient of lift at takeoff and landing weights 

e Material properties (density, modulus of elasticity, ultimate tensile 
strength, yield conpression strength, Poisson's ratio) 

• Fuselage station of main and nose gears 

e Distance between main gear struts 

e Length of main and nose gear struts 

e Stroke of main and nose gears 

e Piston diameter of main and nose gears 

• Eccentricity of main and nose gear wheels 

• Number of wheels per strut for main and nose gears 

e Strut angles (fore-aft and lateral) of main gear 

• Strut angle (fore-aft) of nose gear 

• Dimensions of main and nose gear tires 

LANDING GEAR LOADS 

The landing gear loads analysis in subroutine LGEAR follows the 
procedure outlined in MIL-A-008862A (USAF).Cl) 

The axial and normal loads on the strut are determined for eight load 
conditions. These eight conditions are shown in Figure 36. 

The loads for the two-point landing, spin-up, spring-back, and 
unsymmetrical braking load conditions are determined at both the takeoff and 
landing weights for both the main and nose gears. 

The loads for the braked roll and drift landing conditions are determined 
at both the takeoff and landing weights for the main gear only. 

1. Military Specification MIL-A-008862A (USAF), "Airplane Strength and 
Rigidity, Landing and Ground Loads," 31 March 1971. 
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Main Gear Nose Gear 

T.O. 
wt 

Ldg 
wt 

T.O. 
wt 

Ldg 
wt 

Two-point landing X X X X 

Spinup X X X X 

Springback X X X X 

Braked roll X X ■ ■ 
Drift Landing X X 

Unsymmetrical Braking X X X X 

Tow i ng X ■■ X iiil 
Turning X X 

Figure 36. Load conditions analyzed in subroutine LGEAR. 

The loads for the towing and turning conditions are determined at the 
takeoff weight only for both the main and nose gears. 

The program user may bypass the loads analysis and specify the design 
loads in the variable input data. 

LANDING GEAR WEIgfTS 

The weight of the landing gear is determined by analytical methods for 
as much of the gear as is practicable. A statistical method is then used to 
compute the "miscellaneous weight" which will produce a total weight 
consistent with the known weights of many past landing gears. 

484 



The parts of the landing gear which are treated analytically are 
listed in the following paragraphs, along with a brief summary of the method 
used. 

OUTER CYLINDER 

The geometry of the outer cylinder is shown in Figure 37.   The weight is 
determined by calculating the areas at sections 1,2, and 3, which are at the 
top, midpoint, and bottom of the outer cylinder.    The area at each section is 
calculated by searching for the value of the ratio of outside diameter to wall 
thickness for which the geometric area equals the area required for strength. 

Section I 

Outer cylInder 

Section 2 

Section 3 

Section h 

Inner cylInder« 

Axle- 

i g 

$3 

I 
Si 

i 
0.6L 

"1 
T 0.2L 

Piston—M 

0.I2L 

Trunnion 

Diameter 

Figure 37. Inner cylinder and outer cylinder geometry. 
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INNER CYLINDER (PISTON) 

The geometry of the inner cylinder is also shown in Figure 37. The 
inner cylinder has a constant outside diameter, the piston diameter, which is 
either given in the input data or calculated as a function of the static load. 
The inner cylinder extends from the axle to section 2, the midpoint of the 
outer cylinder. The area of the inner cylinder at section 4 is calculated 
in the same manner as the areas of the outer cylinder. The weight of the 
inner cylinder is then calculated by using the area at section 4 as the con- 
stant area from the axle to section 3, and using an area based on an assumed 
diameter to wall thickness ratio as the area between sections 3 and 2. 

AXLE 

The geometry of the axle is shown in Figure 38. The length of the axle 
is the width of the tire plus one-half the inner cylinder (piston) diameter. 

I 
I 

rt-T 
I ! 
L-i.  

I 
I 
I 

I I 

•Piston diameter 

l!"!!!-!-y!!!!.l 

Tire 
width 

Tire 
width 

Figure 38.    Axle geometry. 
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The bending and torsion moments on the axle «re determined by assuming 
that the gross weight of the aircraft is divided evenly among the total 
number of main gear wheels, or that the static load on the nose gear is 
divided evenly among the nose gear wheels, but that one tire is flat when 
there are two wheels on a strut, and that two tires on one strut are flat 
when there are four wheels on a strut. 

The diameter of the axle at the side of the piston is determined, a;vd 
the weight is calculated by using this area as the constant diameter of the 
axle. 

The axle is a solid cylinder, but the bending modulus of rupture and 
the torsion modulus of rupture used in the calculation of the diameter are 
based on a diameter-to-wall-thickness ratio equal to 10. 

BOGIE 

The geometry of the bogie is shown in Figure 39. The length of the bogie 
is equal to the piston diameter plus 1.1 times the outside diameter of the 
tires. 

Bogie length 

Figure 39. 

Axle 
length 

Bogie geometry. 
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The weight of the bogie i> calculated only when there are four tires per 
strut on the main gear. The bending and torsion moments on the bogie are 
determined by assuming that both tires on one axle are flat. The area at the 
midpoint of the bogie length is calculated from the moments and an assumed 
value of the ratio of outside diameter to cylinder wall thickness. The weight 
of the bogie is calculated by using the area at the midpoint as the constant 
area of the bogie. 

DRAG AND SIDE STRITTS 

The geometry of the drag strut or the side strut is shown in Figure 40. 
The drag and side struts are assumed to be solid; therefore, the area is the 
load divided by the compression yield strength. 

Figure 40. Drag strut or side strut geometry. 
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The normal load, ML, which determines the weight of the side strut is the 
larger of the normal loads from the drift landing and turning conditions. The 
normal load which determines the weight of the drag strut is the largest load 
from the six load conditions which act in the fore-aft direction - two-point 
landing, spinup, springback, braked roll, unsymmetrical braking, and towing. 

OIL 

The weight of the oil is a function of the stroke, the piston diameter, 
and an assumed oil density. 

TIRES, TUBES, AND WHEELS 

The weight of the tires, tubes and wheels is calculated from the 
diameter and width of the tires. 

BRAKES 

The weight of the brakes is a function of the weight of the aircraft, the 
landing speed, and an assumed ratio of pounds of brakes to foot-pounds of 
kinetic energy. 

WEIOfT COEFFICIENTS 

Coefficients may be applied to the calculated weights of the inner 
cylinder, outer cylinder, bogie   Hrag strut, and side strut.   Coefficients 
may also be applied to the total weight, including the calculated miscel- 
laneous weight, of either the main gear or nose gear. 

These coefficients can be used to account foi configurations which are 
not similar to the simplified landing gear design assumed in this program. 

A fixed weight may also be input to account for any weight item not 
included in this program. 

MODULE OPERATION 

MASS STORAGE 

The input data to the landing gear module are contained in one data array 
with 116 locations.    This array is stored in mass storage file record 25. 
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Mass storage file record 25 is read in LANDGR. No mass storage file 
records are written in the landing gear program. 

PERMANENT DATA 

The first 45 locations in the input data array are permanent data, and 
are read from the permanent data file, TAPE7, in the first case of each job. 
Table 31 lists the variables in these permanent data and the values which are 
stored in the permanent data file. 

These permanent data values may be changed by reading new data into these 
locations when the variable input data for each case are read. The new value 
will remain in the input data for each following case in the job, but does not 
change the value stored in the permanent data file. 

Some of the permanent data values which the program user may want to 
change, in order to better approximate a specific landing gear design, are 
as follows (refer to Table 31 for a complete list of permanent data: 

1. The ultimate-to-limit-load-factor ratio (1.5 now assumed in the 
permanent data file) 

2. The number of main gear struts (two now assumed) 

3. The fraction of energy absorbed by the strut (0.1 now assumed) 

4. The pounds of brake weight per foot-pound of kinetic energy 
(0.408 x lO-5 lb/ft-lb now assumed) 

5. The density of oil (0.03 lb/in. now assumed) 

6. The values of diameter to cylinder wall thickness for the axle, 
bogie, and upper portion of the inner cylinder (10, 20, and 50, 
respectively, now assumed) 

7. The ratio of the nose gear piston diameter to the main gear piston 
diameter, used, when the nose gear piston diameter is not given in 
the input data (0.6 now assumed). 

8. The stroke coefficients, used to determine the "effective stroke" 
of the main and nose gears at takeoff and landing weights (1.0 now 
assumed) 
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9. The fraction of the strut length from the axle to each of the four 
sections at which the area is calculated (1.0, 0.6, 0.2, and 0.12 
now assumed) 

10. The miscellaneous weight factors for the main and nose gears 

VARIABLE INPUT DATA 

The variable input data are contained in locations 46 through. 116 of the 
landing gear input data. These variable input data are described in Table 32. 
The variable input data in locations 46 through 116, along with the changes, 
if any, to the permanent data in locations 1 through 45, are placed in the 
SWEEP input data deck behind an identification card containing "LG" in 
columns 1 and 2. 

The landing gear module, overlay (6,0), may be run as a stand-alone 
program. In this case, only the data read module the landing gear module, 
and, if wanted, the final output module will be called. 

All of the data required for the landing gear module must be included 
in the landing gear data deck when the module is run in a stand-alone mode. 
However, when the data management module is also executed (or has been executed 
in a previous case in this job), the data in 17 locations of the landing gear 
variable data may be omitted. These locations are listed in Table 29. 

The data in the 17 locations listed in Table 29 are also included in the 
general input data, which must be input before the data management module can 
be executed. Location 46, which contains the takeoff weight, is used to 
indicate that these data values are to be transferred to the landing gear 
data. The value in location 46 is stored in location 24 of array XMISC, 
which is in labeled common block/MISC/. When this value is 0, subroutine 
OLNDGR in the data management module will read mass storage record 25. The 
data listed in Table 29 will be placed in the landing gear data array, and 
the revised record 25 will be written in the mass storage file. 

Note that values will be placed in all of the 17 locations listed in 
Table 29 when the value in location 46 is 0, so that any value input in one of 
the other 16 locations in the landing gear input data would be replaced. 
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TABLE 29. LANDING GEAR DESIGN DATA FROM DATA MANAGEMENT MODULE 

Loc Description 

46 Takeoff weight, lb 

47 Landing weight, lb 

48 Aborted takeoff 4weight, lb 

49 Fuselage station of CG of aircraft at takeoff, in. 

50 Fuselage station of CG of aircraft at landing, in. 

51 Distance from aircraft CG to ground, in. 

52 Fuselage station of main gear, in. 

53 Fuselage station of nose gear (or tail wheej), in. 

54 Distance between main gear struts, in. 

72 Axle to trunnion length of main gear strut with 
piston extended, in. 

73 Stroke of main gear, in. 

81 Axle to trunnion length of nose gear with piston 
extended, in. 

82 Stroke of nose gear, in. 

89 Sink speed at takeoff weight, ft/sec 

90 Sink speed at landing weight, ft/sec 

91 Landing speed at takeoff weight, ft/sec 

92 Landing speed at landing weight, ft/sec 
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Variable Input Data Options 

The program user has several options when filling out the landing 
gear variable data.   These options are summarized here, and are described in 
greater detail in Section II and in the notes following Table 32. 

1. The calculation of the landing gear loads may be bypassed.    In this 
case, the program user must specify the design loads in the input 
data. 

2. The auxiliary gear may be a tail wheel instead of a nose gear.   The 
tail wheel weight is determined by a single statistical equation. 

3. The piston diameter may be input, or the program may compute the 
piston diameter from the static load on the strut. 

4. The landing speeds may be input, or the program may compute the 
landing speeds from the coefficients of lift, the wing area, and the 
takeoff and landing weights. 

5. The load factors may be input, or the program may compute the load 
factors from the strokes, the sink speeds, the wing lift coefficient, 
and the tire diameter. 

6. The wheel, tire, and tube weights may be input, or they may be 
computed by the program from the tire dimensions. 

7. The brake weight may be input, or the progräm may compute the brake 
weight from the takeoff weight and the landing speed. 

8. The inertia of the main gear wheels, tires, tubes, and brakes may be 
input, or it may be computed by the program from the wheel, tire, 
tube, and brake weights and the tire dimensions. 

9. The effect of the deflections (fore-aft, lateral, and angular) of 
the strut may be included or may be omitted in the calculations of 
the weight of the inner and outer cylinders.    If there are no 
deflections (and the eccentricity of the wheels is 0), the axial 
load on the strut has no moment arm, and all the bending moment on 
the strut comes from the normal load. 

The program first computes the weight of the inner and outer 
cylinders with no deflections on the strut.    If the deflections are 
not to be included, this completes the analysis.    If the effect of 
the deflection is to be included, the deflections are determined and 
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the weights are recalculated with the increased moment resulting 
from the deflection. This loop continues for a maximum of six 
passes, or until the difference between the areas calculated at 
section 2, Figure 37, for two successive passes is less than a given 
tolerance. 

OUTPUT 

Program LANDGR and subroutine LGEAR will produce printed output if the 
appropriate print indicator is -umed on. Program LANDGR will print (on one 
page) the variable input data in locations 46 through 116. Subroutine LGEAR 
will print (on one page) the landing gear loads. 

The weight summary, design data, deflections, and CG data for the main 
gear (one page) and the nose gear (one page) are always printod in subroutine 
LGWT. 

Comments, Warning Messages, and Error Messages 

There are no warning messages or error messages printed in the landing 
gear program. 

The only coiment printed is a reminder to the program user that if the 
design load conditions indicators are all 0, this means that the loads were 
not computed but were supplied by the user in the input data. 
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Section II 

METHODS AND FORMULATIONS 

GENERAL DISCUSSION 

An analytical approach to strut weight estimation which is applicable to 
both main and nose gears is used. This approach idealizes the strut as a 
cantilevered member designed to the spectrum of ground loads. Wheels, brakes, 
tires, and tube weights are either user input or calculated by the program. 
Statistical equations are used to calculate these components. 

Specific design data development and weight calculation functions are 
divided into separate routines which are called by the landing gear weight 
estimation module control program LANDGR. Methods employed are described 
herein in the order that they are used in the program. Table 30 is a list of 
symbols that are used in the formulations that follow. Subscript I in this 
table is used to represent the four strut sections, Figure 37. 

TABLE 30. LIST OF SYMBOLS IN METHODS AND FORMULATIONS 

Symbol Description Units 

AA Scratch variable 
A Distance from CG to main gear, either AJQ or A^ in. 
ACM Scratch variable 

AL Distance from CG at landing to main gear in. 
ATO Distance from CG at takeoff to main gear in. 
AG Geometric area for assumed value of DOT in.2 
AL Axial load on strut at this load condition lb 
ALOAD Axial load on strut lb 
ALSB Axial load on either main or nose gear strut at 

either takeoff or landing weight for spring- 
back condition lb 

AVG Angle between resultant load and strut radians 
AREAj Maximum of areas computed at section I for 

each load condition in.2 
AREAC Final area of cylinder section for load 

condition in.2 
AS Area required for strength for assumed value 

of DOT in.2 
AXLGIH Length of axle in. 
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TABLE 30. LIST OF SYMBOLS IN METHODS AND FORMULATIONS (OONT) 

Syirbol Description Units 

AXLOAD 
Al 
A2 

BB 
B 

Bl 
BTO 
KM 
BD 
EMAX 
EMB 
BMRi 

BMRU 
BMYj 
BMYDZ 

EMZi 
BMZDZ 

BOGL 
BRAKES 
BRC 
BUT 

CGJO 

CGG 
CLL 
CLTo 
CLW 
CRFA 

CRL 

CRV 

CSFA 

CSL 

CSV 

Total load on axles for either main or nose gear 
Fore-aft angle of strut 
Lateral angle of strut 

Scratch variable 
Distance from CG to nose gear, either BJ-Q or BL 
Distance from CG at landing to nose gear 
Distance from CG at takeoff to nose gear 
Scratch variable 
Diameter of bogie 
Bending moment on each axle 
Bending moment at midpoint of bogie 
Resultant of fore-aft and lateral bending 
moments at section I 

Bending modules of rupture 
Fore-aft bending moment at section I 
Fore-aft bending moment from condition which 
produced max area at section 2 

Lateral bending moment at section I 
Lateral bending moment from condition which 
produced max area at section 2 

Length of bogie 
Weight of brakes per aircraft 
Braked roll constant 
Weight of bogie 

CG of aircraft at takeoff 
Distance from CG to ground 
Coefficient of lift at landing weight 
Coefficient of lift at takeoff weight 
Wing lift coefficient 
Cosine of angle between resultant load and 

fore-aft direction 
Cosine of angle between resultant load and 

lateral direction 
Cosine of angle between resultant load and 

vertical 
Cosine of angle between strut and fore-aft 

direction 
Cosine of angle between strut and lateral 

direction 
Cosine of angle between strut and vertical 

lb 
radians 
radians 

in. 
in. 
in. 

in. 
in.-lb 
in.-lb 

in.-lb 
lb/in.2 

in.-lb 

in.-lb 
in.-lb 

in.-lb 
in. 
lb 

lb 

in. 
in. 
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TABLE 30.    LIST OF SYMBOLS IN METOODS AND FORMULATIONS (CONT) 

Symbol Description Units 

DF Drag (fore-aft) load on wheels lb 
DIA! Outside diameter of cylinder at section I for 

assumed value of DOT in. 
DIAAX Diameter of axle at side of piston in. 
DIADZ Diameter of outer cylinder at section 2 in. 
DIAM Final outside diameter of cylinder for this 

load condition in. 
DIST Distance from main gear to nose gear in. 
DLLNGj Length from ground to section I in. 
EMGS Distance between main gear struts in. 
DOIL Density of oil lb/in.3 
DOT Diameter to wall thickness ratio 
DOTB Assumed value of DOT for bogie 
D0T32 Assumed value of DOT of inner cylinder between 

sections 2 and 3 
DOVRTZ Diameter to wall thickness ratio at section 2 
DOVT Final interpolated value of DOT for which R « 1 
DP Piston diameter, either D^j or DPJJ in. 
DPM Diameter of main gear piston in. 
DPN Diameter of nose gear piston in. 
DSivT Weight of main or nose gear side strut lb. 
DIVT Aborted takeoff delta weight lb. 

E Modulus of elasticity lb/in.2 

ECC Eccentricity of wheels in. 

FCY Compression yield stress lb/in.2 

FEA Fraction of energy absorbed by strut 

FSM Fuselage station of main gear in. 
FSv Fuselage station of nose gear in. 
FTOW Tow load lb 
FVSU Vertical spinup load at time TSU on either 

main or nose gear at either takeoff or 
landing weight lb 

g Gravitational constant ft/sec2 

G Modulus of rigidity lb/in.2 

GRWT Gross weight, either GROTTo or GRWTL lb 
GRIVTL Landing gross weight lb 
GRIVTT0 Takeoff gross weight lb 
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TABLE 30.    LIST OF SYMBOLS IN METHODS AND FORMULATIONS (COtfT) 

Symbol |             Description Units  1 

I Section index j          1 

12 1 Moment of inertia at section 2 in.4 

IW | Inertia of wheels, tires, tubes, and brakes, 
either IV^ or 1^ slug-ft2 

^ i Inertia, per strut, of main gear wheels, tires, 
tubes, and brakes slug-ft2 

IWN | Inertia of nose gear wheels, tires, and tubes slug-ft2  ! 

LNGIM! Length from axle to section I in.      i 

NG Load factor, either NGL or NGJ-Q 

NGL Load factor at landing weight 
NGro Load factor at takeoff weight 

ir    i \J 

NL Normal load on the strut at this load condition lb      1 
NLSB Normal load on either main or nose gear strut 

at either takeoff or landing weight for 
springback condition lb 

^SU Normal load on either main or nose gear strut 
at either takeoff or landing weight for 
spinup condition lb      j 

1 0D Outside diameter of tires, either OD)^ or 0% in.      1 
ODM Outside diameter of main gear tires in. 
0D\' Outside diameter of nose gear tires in. 

PHIAX Angular deflection at bottom of strut radians 
PHIt Angular deflection at section I radians 
PI Ratio of circunference of circle to diameter 

of circle 
PLOAD Normal load on strut lb      I 

R Ratio of area required for strength to geo- 
metric area 

RADPD Scratch variable 
i RB2 Ratio of deflections at bottom of strut to 

deflections at section 2 

I 

RHO Density of material lb/in.3 

1 RI2 Ratio of deflection at sectur T to deflection 
at section 2 

RLOAD   ! Resultant load of drag, side, and vertical 
loads on wheels lb      li 
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TABLE 30.    LIST OF SYMBOLS IN MEIHODS AND FORMULATIONS (CONT) 

Symbol Description Units 

Sw Wing area ft2 
SF Side (lateral) load on wheels lb 
SS Sink speed ft/sec 
ssL Sink speed at landing weight ft/sec 
SST0 Sink speed at takeoff weight ft/sec 
SSWT Weight of main or nose gear side strut lb 
STREFF Effective stroke of main or nose gear at 

takeoff or landing weight ft 
STROKE Stroke of either main or nose gear in. 
STK0KEL Effective stroke of main gear at landing 

weight ft 
STROKEJO Effective stroke of main gear at takeoff 

weight ft 
STRUTw Number of main gear struts 
STRUTS Number of struts, main, or nose gear (always 

1 for nose gear) 
SW Static load on each main gear strut lb 

T Ultimate tensile strength divided by 1,000 lb/in.2 X lO-3 

TAILUT Weight of tail wheel lb 
BIAX Torsion moment on each axle in.-lb 
TMB Torsion moment at midpoint of bogie in.-lb 
TMOR Torsion modulus of rupture IbAn.2 

TOTAL Total weight of either main or nose gear lb 
TOTCAL Total calculated structure weight of either 

main or nose gear lb 
TOTLNG Length of strut, axle to trunion in. 
TOTSTW Total calculated weight of either main or 

nose gear lb 
m\il Torsional bending moment at section I in.-lb 
TPHIDZ Torsion moment from condition which produced 

max area at section 2 in.-lb 
TSU Time for wheel circumferential velocity to 

reach ground velocity sec 

"""M Weight per aircraft of main gear tubes and 
tires lb 

; TTJJ Weight per aircraft of nose gear tubes and 
tires lb 

W Time to develop vertical reaction sec 
„ 
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TABLE 30. LIST OF SYMBOLS IN METHODS AND FORMULATIONS (CONT) 

Symbol Description frits 

VF Vertical load on wheels lb 
VL Landing speed, either VLjo or VLL ft/sec 

VLL Landing speed at landing weight ft/sec 

VLro Landing speed at takeoff weight ft/sec 
VMX Maximun vertical load, either VMXMGpg, 

VMXMGL » VMXNGpo, or VMXNGL lb 
VMXMGL Maximum vertical load on main gear at landing 

weight lb 
VMXMGJO Maximun vertical load on main gear at takeoff 

weight lb 
VMXNG, Maximun vertical load on nose gear at landing 

w 
weight lb 

VMXNG-ro Maximun vertical load on nose gear at takeoff 
weight lb 

w Width of tires, either Wj^ or WN in. 

^ Width of main gear tires in. 
1"! 

Width of nose gear tires in. 
WCB Weight coefficient for bogie 
WCDS Weight coefficient for drag strut 
WCIC Weight coefficient for inner cylinder 
IVCMG Weight coefficient for main gear 
WCNG Weight coefficient for nose gear 
WCOC Weight coefficient for outer cylinder 
WCSS Weight coefficient for side strut 
WHEEI^ Weight per aircraft of main gear wheels lb 
WHEELN Weight per aircraft of nose gear wheels lb 
WMI Input miscellaneous weight lb 
WS Number of wheels per strut, either VIS^ or WS!^ 

WSM Wheels per strut on main gear 

WSN Wheels per strut on nose gear 
WAXL Total weight of axles for either main or nose 

gear lb 
OTMISC Miscellaneous weight of either main or nose 

gear lb 
OTIC Weight of inner cylinder lb 
WTOC Weight of outer cylinder lb 
WTOIL Weight of oil for either main or nose gear lb 
wrrM Weight per wheel of main gear wheel, tire. 

and tube lb 
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TABLE 30. LIST OF SYMBOLS IN METHODS AND FORMULATIONS (CONCL) 

Symbol Description Units 

wrrN 

WTTB 

Weight per wheel of nose gear wheel, tire, 
and tube 

Weight wheels, tires, tubes, and brake for 
either main or nose gear 

lb 

lb 

VAX 
Yl 

Fore-aft deflection at bottom of strut 
Fore-aft deflection at section I 

in. 
in. 

ZAX 
2l 

Lateral deflection at bottom of strut 
Lateral deflection at section I 

in. 
in. 

OPTIONAL INPUT VARIABLES 

The landing speeds; the load factor; the piston diameters; the wheel, 
tire, and tube weights; the brake weight; and the inertia of the main gear 
wheels, tires, tubes, and brakes must be determined if these variables were 
not given in the input data. 

LANDING SPEED 

The landing speeds are calculated from the aircraft weights, the wing 
area, and the coefficients of lift. 

«TO ■ «•'"«   PCS 
( 

GRWF    - an vO.S 

(i) 

VLL- 

/am. \0-5 

34-7776 (vt) (2) 
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VLro 

GmT0 

GRWT, 

So 
CLL 

DOT 

landing speed at takeoff weight, ft/sec 

landing speed at landing weight, ft/sec 

takeoff gross weight, lb 

landing gross weight, lb 

wing area, ft^ 

coefficient of lift at takeoff weight 

coefficient of lift at landing weight 

aborted takeoff delta weight, lb 

LOAD FACTORS 

The load factors are calculated from the strokes, the sink speeds, the 
wing lift coefficient, and the tire diameter. 

^C 

(1-FEA) (-g8-^ (l-cg (o.98 STROKErc ♦ 0-08 ^j) 

0.8 STROKE^ 
+ CI^ (3) 

NG. 
(1-FEA) (jE! ft-S)^9851^0^^0-08^1)). 

0.8 STROKE 
:Lw (4) 

NG^ ■ load factor at takeoff weight 

NG. = load factor at landing weight 

FEA ■ fraction of energy absorbed by strut 

SS-,. ■ sink speed at takeoff weight, ft/sec 

SS. - sink speed at landing weight, ft/sec 

502 



CL. - wing lift coefficient 

STROKE-« ■ effective stroke of main gear at takeoff weight, ft 

STROKE, - effective stroke of main gear at landing weight, ft 

OEL ■ outside diameter of main gear tires, in. 

2 
g ■ gravitational constant (52.172), ft/sec 

PISTON DIAMETERS 

The main gear piston diameter is a function of the static load. 

GRWT0 
%SLl3i 
5i L5I 

^ smT,  C5) 
M 

SW > static load on each main gear strut, lb 

CGLj. ■ CG of aircraft at take-off, in. 

FS   = fuselage station of nose gear, in. 

FS^, ■ fuselage station of main gear, in. 

STRUT   = nunber of main gear struts 

If SW is greater than 77,295, the piston diameter is calculated by 
equation 6. 

/4 SW\0-S 

DPM S (l5,000 PI j & 
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DPM * diameter of main gear piston, in. 

PI ■ ratio of circumference of circle to diameter of circle 
(3.1416) 



If SW is less than 77,295, the scratch variables ACM, BCM, AA, BB, and 
RADPD are determined, and the piston diameter is then calculated by equation 7. 

AOI- 187.5( s  5 542 
BCM- 380.Oi i>W< 5'54Z 

A(M - 126.7 
BCM - sls.'oj   5'542< SW< 33'819 

^:7^|    33,819<SW< 77,295 

AA - - 0.333 (|£)2 

BB    27 öS?     PI 
SW 
AQI 

/BB2 ♦ AA3\ 
\  4       27/ 

0.5 

RADPD 

40.333     / „„ \0.333 
DPM-(-f- 

10.333      / \0.333 „-^ 
*    RADPD) * (f- - RADPD) -   ^j- (7) 

The nose gear piston diameter is a function of the main gear piston 
diameter. 

DPN - 0.6 DPM (8) 

DPN ■ diameter of nose gear piston, in. 
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WHEEL, TIRE, AND TUBE WEKKTS 

The wheel, tire, and tube weights are calculated from the width and 
diameter of the wheels. 

mM"0'4250I\iwM + 0-00023\-i5r7 (9) 

\   100 / OTV 0.4 OD^ WN + 0.0000024 \r^ (10) 
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WTTM ■ weight per wheel of main gear wheel, tire, and tube, lb 

WTT„ ■ weight per wheel of nose gear wheel, tire, and tube, lb 

OD^ ■ outside diameter of nose gear tires, in. 

W ■ width of main gear tires, in. 

W ■ width of nose gear tires, in. 

45 percent of the wheel, tire, and tube weight is in the wheels; there- 
fore, the total wheel, tire, and tube weights can be computed by equations 11 
through 14. 

WEEI^ - 0.4S W^, mTM 2 (11) 

I 
nm = 1.222 WHEEI^ (12) 

WHEEI^ = 0.45 WSN mTN (13) 

TrN = 1.222 WHEEI^ (14) 
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WHEEL. ■ weight per aircraft of main gear wheels, lb 

WHEEL, ■ weight per aircraft of nose gear wheels, lb 

IT. ■ weight per aircraft of main gear tubes and tire, lb 

TT. ■ weight per aircraft of nose gear tubes and tires, lb 

WSL ■ wheels per stiut on main gear 

WJL. ■ wheels per strut on nose gear 

BRAKE WEIGHT 

The brake weight is calculated from the takeoff weight and the landing 
speed. All the brake weight is in the main landing gear. 

BRAKES - 0.010783 GRWrT0 VL^0 0.00000408 (15) 

BRAKES » weight of brakes per aircraft, lb 

ROTATING INERTIA OF WHEEL ASSBIBLY 

Polar moment of inertia for nain gear wheels, tires, tubes, and brakes 
is calculated from the wheel, tire, tube, and brake weights and the tire 
dimensions. 

/ 0I^  f       Mi -1-818 W21 \ 
m   mm) ^M : (   i2 (2.5)  / I0-65 BRAKES * ^w .... 
"l ' STRUrw g 

Ut)J 

M 

l\. ••' inertia, per strut, of main gear wheels, tires, tubes, and 
brakes, slug-ft^ 
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AXIAL AND NORMAL STRUT LOADS 

The axial and normal loads on the strut at each load condition are 
determined by first finding the ground reactions on the wheels. The result- 
tant of these loads is then computed by equation 17. 

L   2   2   2\0-5 
RLOAD « (VT + DF + SF ) (17) 

RLOAD - resultant load of the drag, side, and vertical loads on 
the wheels, lb 

VF * vertical load on the wheels, lb 

DF ■ drag (fore-aft) load on the wheels, lb 

SF - side (lateral) load on the wheels, lb 

The direction cosines of the resultant load are then computed. 

CRV=
1I!äD- (18) 

™A - R^äD ™ 

^'^EÜÄD W 

CRV ■ cosine of the angle between the resultant load and the 
vertical 

CRFA ■ cosine of the angle between the resultant load and the 
fore-aft direction 

CRL ■ cosine of the angle between the resultant load and the 
lateral direction 
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The direction cosines of the main gear strut are fmctions of the 
fore-aft and lateral angles in the input data. 

CSV ■ cos tan -1 

(cos [Al])   (cos[A2]) 
- 2 

0.5 

CSFA ■ cos tan 
10.5 

(sin [All)    (cos[A2]) 
- 2 

(21) 

(22) 

CSL ■ cos tan 
(cos [Al])   (cos[A2]) i 0.5 (23) 

CSV ■ cosine of the angle between the strut and the vertical 

CSFA ■ cosine of the angle between the strut and the fore-aft 
direction 

CSL ■ cosine of the angle between the strut and the lateral 
direction 

Al ■ fore-aft angle of strut, radians 

A2 ■ lateral angle of strut, radians 

The lateral angle (A2) of the nose gear strut is always 0; therefore, 
equations 21 through 23 reduce to 24 through 26 for the nose gear. 

CSV - cos [Al] (24) 

CSFA - sin [Al] (25) 

CSL » 0 (26) 
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The direction cosines of the resultant force and the direction cosines 
of the strut can then be combined to compute the angle between the resultant 
load and the strut. 

1 [CSV CRV + CSFA CRFA + CSL CRL] (27) ANG - cos  [CSV CRV + CSFA CRFA + CSL CRL 

ANG ■ angle between the resultant load and the strut, radians 

The axial and normal loads en the strut are then computed. 

ALOAD - RLOAD cos [ANG] (28) 

PLOAD « RLOAD sin[ANG] (29) 

ALOAD - axial load on the strut, lb 

PLOAD « normal load on the strut, lb 

LANDING AND GROUND LOADS 

The ground reactions on the wheels (VF, DF, and SF) for each load condi- 
tion are detemined in accordance with the procedure outline in MIL-A-008862A. ^ 
After the loads have been detemined, the program then, except for the spring- 
back condition, uses the method described in equations 17 through 29 to find 
the axial and normal loads on the strut. 

TWD-POINT LANDING 

The vertical load on the wheels at the two-point landing condition is 
the maximum vertical load. 

The maximum vertical loads on the main gear are computed by equations 
30 and 31. 

1.5 (NGL - CLJ (GRWT  - Wt) 
VMXMG^ -±2 -2 15  (30) 
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1.5 (NG. - CLJ GRW. 
VMXMGL 

L 2 
W **- (31) 

VMXMGTn ■ maximum vertical load on main gear at takeoff weight, 
^  lb 

VMXMG. ■ maximum vertical load on main gear at landing weight, 
L  lb 

The maximum vertical loads on the nose gear are determined fron the maxi- 
mum vertical loads on the main gear. 

<\ DIST / VMXNGn, - 2 VMXM^I^/ (32) 

3L \DIST / VMXNGL - 2 VMXMG, h^-J (33) 

VMXNGL. ■ maximum vertical load on nose gear at takeoff weight, 
lb 

VMXNG. ■ maximum vertical load on nose gear at landing weight, 
L  lb 

ApQ » distance fron CG at takeoff to main gear, in. 

A. ■ distance from CG at landing to main gear, in. 

DIST = distance from main gear to nose gear, in. 

The two-point landing loads are determined for both the main and nose 
gears at both the takeoff and landing weights. Therefore, the routine in 
equations 17 through 29 is executed four times. In each case, the drag load 
is one-quarter of the vertical load and the side load is 0. 

VF - VMXMGpp, VMXMGL, VMXNG^, and VMXNGL 

DF - 0.25 VF 

SF - 0 
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SPINUP 

Before confuting the spinup loads, the inertia of the nose gear wheels, 
tires, and tubes must be determined. (The inertia of the main gear wheels, 
tires, tubes, and brakes has already been determined.) 

TW       \12 2.52/   *V]       12    2.5         ggSl ni, IWN  (27) 

IW^ ■ inertia of nose gear wheels, tires, and tubes, slug-ft2 

The spinup loads are determined for both the main and nose gears at both 
the takeoff and landing weights; therefore, equations 28 through 35 are exe- 
cuted four times, each time followed by the routine in equations 17 through 29. 

TV, the time to develop the spinup vertical reaction, is computed by 
equation 28. 

SS - ISS2 - 1.5 (NG - CLj 29.8 pIME. + 0>08 0DJI 
W 5 1.5 (NG  eg 14.9  L ™ 

TV ■ time to develop the vertical reaction, sec 

SS ■ sink speed, either SST0 or SS,, ft/sec 

NG ■ load factor, either NG,^ or NG 

STREFF ■ effective stroke of main or nose gear at takeoff or 
landing weight, ft 

OD • outside diameter of tires, either OIL or OD^, ft 

TSU, the time for the wheel ciromferential velocity to reach ground 
velocity, is computed by equation 29. 

TSU -^-^ z- *  0-363 TV C29) 
0.55 VMX (0.432 OD) 
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TSU ■ time for wheel circunferential velocity to reach ground 
velocity, sec 

VL ■ landing speed, either VL. or VL. , ft/sec 

IW ■ inertia of the wheels, tires, tubes, and brakes, either 
IW or IWN, slug-ft2 

VMX ■ maximum vertical load, either VMXMCL«, VMXMG., or 
VMXNGL, lb 

If TSU is greater than TV, TSU is reconputed by equation 30. 

TSU- -5 
TV      /    -1 I" VL    IW   PI l\ 

•5 PI I [ 1.1 (0.4320D)2 VMX TvJ / 
(30) 

FVSU, the vertical load at time TSU, is computed by either equation 31 
or 32. 

FVSU - VMX sin PI TSU|    ^^ TY > TSU (j^ 
2  TV 

FVSU - VMX when TSU > TV (32) 

FVSU » the vertical spinup load at time TSU on either the main 
or nose gear at either the takeoff or landing weight, lb 

The vertical, drag, and side loads are then determined by equations 33 
through 35. 

VF - FVSU (33) 

DF - 0.55 FVSU (34) 

SF - 0 (35) 
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SPRINGBACK 

The springback loads are determined for both the main and nose gears at 
both the takeoff and landing weights. 

The springback loads are computed from the maximum vertical loads, the 
previously computed spinup loads, and the fore-aft angle of the strut, with- 
out going through the routine in equations 17 through 29. 

ALSB - VMX CSV (36) 

NLSB - AMAX1 [0.893 NLgy, 0.893 NL^ ♦ 0.9 FVSU sin[Al]] 

+ VMX sin [Al] (37) 

ALCD • axial load on either the main or nose gear strut at 
either the takeoff or landing weight for the spring- 
back condition, lb 

NL_R ■ normal load on either the main or nose gear strut at 
either the takeoff or landing weight for the spring- 
back condition, lb 

ML-. ■ noimal load on either the main or nose gear strut at 
either the takeoff or landing weight for the spinup 
condition, lb 

BRAKED ROLL 

The braked roll loads are determined at both the takeoff and landing 
weights for the main gear only. 

^ m    1.5 GRKT BRC ^ 
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DF - 0.8 VF (39) 

SF - 0 (40) 

Giwr - gross weight, either GRWT-Q or GRWT , lb 

BRC - braked roll constant (1.0 at takeoff, 1.2 at landing) 

DRIFT LANDING 

The drift landing loads are determined at both takeoff and landing weights 
for the main gear only. 

VF - 0.5 VMX (41) 

DF - 0 (42) 

SF - 0.8 VF (43) 

UNSYNMETRICAL BRAKING 

The unsymmetrical braking loads are determined for both the main and nose 
gears at both the takeoff and landing weights. 

Before computing the unsymmetrical braking loads, B,-. and B, must be 
defined. 

B . « distance from CG at takeoff to nose gear, in. 

B. ■ distance from CG at landing to nose gear, in. 

The main gear loads at takeoff and landing are computed by equation 44 
through 46. 

VF 1'5GRm'B  (44) 
0.4 CGG + 2 DIST l J 
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DF - 0.8 VF 

SF - 0 

(45) 

(46) 

B ■ distance from CG to nose gear, either ILQ or B., in. 

CGG ■ distance from CG to ground, in. 

The nose gear loads at takeoff and landing are computed by equations 47 
through 49. 

/ A    0.4 B CGG \ 

\DIST+  DIST2 ) 
1.5 GRWT 

DF - AMIN1 [o.8 VF, B EMGS 1.5 GRWT 

4 DIST -] 

(47) 

(48) 

SF - 0 (49) 

A * distance from CG to main gear, either A~Q or A., in. 

£MGS ■ distance between main gear struts, in. 

AMIN1 ■ absolute minimum of the two arguments 

TOWING 

The towing loads are determined for both the main and nose gears at the 
takeoff weight only. 

FTOW, the tow load, must first be computed as a function of the takeoff 
weight. 

FTOW »0.3 GROT (when GRWT     < 30,000) TO 
(50 
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6 GROT 
FTOW -—70   

a   ♦ 6,429   (when 30,000     GlWrT0 < 100,000) (SI) 

FTOW - 0.1S GIWrT0 (when GRhTT^ > 100,OOO) (52) 

FTOW - tow load, lb 

The main gear towing loads are then computed by equations 53 through 55. 

1.5 am   B 
VF ■ "—LiL- fS31 vr 2 DIST lajj 

DF - 1.5 FTOW 0.75 (54) 

SF - 0 (55) 

The nose gear towing loads are computed by equation 56 through 58. 

Aj-p 1.5 GRW„ 
f0 '•- —-TO 

w DIST  (56) 

DF « 1.5 FTOW (57) 

SF - 0 (58) 

TURNING 

The turning loads are determined for both the main and nose gear at the 
takeoff weight only. 
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The main gear turning loads are computed by equations 59 through 61. 

DF - 0 (60) 

lo.s.- 
.5 BT0 EMGS 

SF - VF AMIN1 ' A r 

DIST CGG 

A-^ 1  5 GROT. ,_   _ro TO_ r,9^ 
^ Disf (62) 

DF - 0 (63) 

RpQ DMGS 
SF - VF AMIN1 

r     o. 
Nl    0.5, — 

DIST CGG 

STRm" DESIgJ LOADS 

The inner and outer cylinder weights are determined by ccmputing the area 
at the four sections shown in Figure 37. The area at each section is computed 
for each load condition at which loads have been computed (or input), with the 
maximum area being saved for the final weight calculation. 

The analysis of the inner and outer cylinders is identical for the main 
and nose gears (except that the drift landing condition does not apply to the 
nose gear); therefore, only the main gear calculations are described. 

The deflections at the bottom of the strut must be determined before the 
moments at a section can be computed. The deflections are assumed to be pro- 
portional to the square of the distance from the trunion; therefore, if the 
deflections at section 2 are known, the deflections at the bottom of the strut 
(the axle) can be computed by equations 65 through 68. 

517 

(61) 

The nose gear turning loads are computed by equations 62 through 64. 

(64) 
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RB2 TOTLNG 
TOTLNG - LNGTO. 

(65) 

Y     ■ Y   RB2 
'AX       2     * 

(66) 

ZAX " Z2 RB2 (67) 

PHI.V - PHI. KB2 
AX 2 

(68) 

RB2 ■ ratio of deflection at bottom of strut to deflection 

Y^ ■ fore-aft deflection at bottom of strut, in. 

PHI 

AX 

AX 

Y„ 

lateral deflection at bottom of strut, in. 

angular deflection at bottom of strut, radians 

fore-aft deflection at section 2, in. 

Z2 * lateral deflection at section 2, in. 

PHI. ■ angular deflection at section 2, radians 

TOTLNG ■ length of strut, axle to trunion, in. 

LNGTH- ■ length from axle to section 2, in. 

When the deflections at the bottom of the strut are known, the fore-aft 
bending moment at section I (1*1, 2, 3, or 4) can be computed by equation 69 
(for each load condition except drift landing). Equation 69 is illustrated 
in Figure 41. 

BW, (
Y
AX ♦ | ^ »i» ["«AX] I -Yi) AL + LNGTOj NL (69) 
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View A-A 
Trunnion 

ECC s 
in[PHIAx]|-^ 

Section I 

ECC s 

- Y. 

Figure 41.    Geometry representation for fore-aft bending moment derivation. 
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BMY. ■ fore-aft bending moment at section I (I - 1,, 2, 3 or 4), 
1  in.-lb 

ECC ■ eccentricity of wheels, in. 

Yj ■ fore-aft deflection at section I, in. 

LNGIH. ■ length from axle to section I, in. 

AL - axial load on strut at this load condition, lb 

NL ■ normal load on strut at this load condition, lb 

The deflections are initialized at 0. When the deflections are 0, equa- 
tion 69 reduces to 70. 

BMYj - LNGIHj NL (70) 

The lateral bending moment at section I is computed by equation 71 (for 
each load condition except drift landing). Equation 71 is illustrated in 
Figure 42. 

BMZj (ZAX+| ^«•[WIAX] |-Zl) ^ ™ 

BMZ   = lateral bending moment at section I, in.-lb 

Z- ■ lateral deflection at section I, in. 

If the deflection are all 0, equation 71 reduces to equation 72. 

BMZj »   ECC   AL (72) 

The torsional bending moment is deteimined by using the normal load in 
place of the axial load in equation 71; therefore, it can be computed by 
equation 73. 

S20 



.■   ■ ■ ■ ■      . ■ ■ ■ ■ 

Trunnion 

Section  1 

View® - (A) 

ECC C0S [""'AX] 

ECC cos 

£.„ +    ECC cos 
AX      I 

["'AX] 

[PHIAx] 

© 

Figure 42. Geometry representation for lateral bending moment derivation. 
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TPHI, BMZ, W (73) 

TPHIT ■ torsional bending moment at section I, in.-lb 

For the drift landing condition, BMYj and TPHIj are 0. The noimal load 
acts at the ground instead of at the bottom of the strut; therefore, the dis- 
tance from the section to the ground must first be found. Hie tire deflection 
is assumed to be 8 percent of the outside diameter. Equation 74 is used to 
calculate the distance. 

DLLNG - LNGTH + 2 0.08 o: 
^ 

(74) 

DLLNGT - length from ground to section I, in. 

The normal load computed for the drift landing condition is 0.8 times the 
axial load. This normal load acts inboard, as shown in Figure 43. A normal 
load equal to 0.6 times the axial load (and therefore equal to 0.75 times the 
computed normal load) acts outboard on the opposite strut. 

ECC 

® 

^x Section I 

■f NL - 0.6 AL j 
äbEL 
T © 

•QHL ' o.sTT) 

Figure 43. Drift landing normal loads. 
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If the eccentricity is negative (outboard), as shown in Figure 43. The 
moment at a section will be greater from the smaller normal load acting out- 
board than from the larger normal load acting inboard if the eccentricity is 
greater than 10 percent of the length from the ground to the section. 

(0.6 AL) (DLLNGj) + (AL) (ECC) > (0.8 AL) (DLLNGj) - (ECC) (AL) (75) 

DLLNG 
if ECC > 

I 
10 

In this case, equation 75 is used to compute the lateral bending moment, 
using a normal load equal to 0.75 times the computed normal load. Equation 75 
is illustrated in Figure 44. 

BMZj - (Z^ + ECC Zj) AL ♦ DLLNGj 0.75 NL (76) 

If the deflections are all 0, equation 76 reduces to equation 77. 

BMZ, ECC AL + DLLNG 0.75 NL (77) 

When the eccentricity is negative but less than one-tenth of the distance 
to the ground, the lateral bending moment for drift landing in computed by 
equation 78. Equation 78 is illustrated in Figure 45. 

^1 = (ZAX - ZI " ECC AL + DLLNGj NL (78) 

If the deflections are all 0, equation 78 reduces to equation 79. 

BMX, ECC AL + DLLNG NL (79) 
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Trunnion 

Section 1 

Figure 44. Lateral bending moment for drift landing when the eccentricity 
is negative and greater than one-tenth the length to the ground. 
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Trunnion 

Section I 

Figure 45. Lateral bending moment for drift landing when the eccentricity is 
negative and less than one-tenth the length to the ground. 
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When the eccentricity is positive (inboard), the lateral bending moment 
from the computed normal load acting inboard is always the larger moment. This 
bending moment is computed by equation 80. Equation 80 is illustrated in 
Figure 46. 

BMZj - (Z^ ♦ ECC - Zj ) AL ♦ DLLNGj KL (80) 

If the deflections are all 0, equation 80 reduces to equation 81. 

BMZj - ECC AL ♦ DLLNGj NL (81) 

The resultant of the fore-aft and lateral bending moments is computed by 
equation 82. 

/  2    2\ 0'S 

BMRj * (BWJ + BMZj I (82) 

BMR ■ resultant of fore-aft and lateral bending moments at 
section I 

STRUT SYNTHESIS 

The area of the cylinder at each section is determined by finding 'the 
value of the cylinder diameter to wall thickness ratio for which the area 
required for strength is equal to the geometric area. 

The search starts by assuming three values of diameter-to-wall-thickness 
ratio, and then confuting the outside diameter of the cylinder for each of the 
assuned ratios. The outside diameter of the inner cylinder at section 4 is 
the piston diameter, DP^. The outside diameter of the outer cylinder at 
sections 1,2, and 3 is conputed by equation 83. The 0.625 added to the piston 
diameter is the assumed average packing ring dimension. 

DOT (DP ♦ 0.625) 
DIAi m-2  ^ 
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-.-, ,....-.. 

Trunnion 

Section 1 

Figure 46. Lateral bending moment for drift landing 

when the eccentricity is positive. 
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DIA. - outside diameter of cylinder at section I for assumed 
value of diameter to wall thickness ratio, in. 

DOT ■ diameter to wall thickness ratio 

Before the area can be computed, the bending modulus of rupture and the 
torsion modulus of rupture must be determined as functions of the diameter- 
to-wall-thickness ratio and the ultimate tensile strength of the material. 

BMRU =    (((0.000390625 T - 0.3125)  T ♦ 14.21875)  DOT - 

- 0.0546875 T2 - 903.1251   DOT -   (3.2421875 T - 2903.125) T 

- 142890.625 (84) 

TMOR -  |(0.00109375 T - 0.396875) T + 47.5) DOT + (o.OS T - 27.25)T 

+ 1725.0] DOT + 143.4875 T + 38702.5 C85) 

BMRU ■ bending modulus of npture, lb/in.2 

TM0R ■ torsion modulus of rupture, lb/in.2 

T = ultimate tensile strength divided by 1,000, lb/in.2 X 10'3 

Figures 47 and 48 show the results of equation 84 and 85 for values of 
ultimate tensile strength from 180 to 260K, and for values of diameter-to- 
wall-thickness ratio from 10.0 to 50.0. 

The area required for strength can then be computed by equation 86. 

A5 r-^ ~}Läü) + \^ri I    +^ (86) 

2>0.5 
fTfflM   I       . AL 

UEMRU/        VIWOR / / FCY 
DIAT   "   '   r'  ^ -s  ' x ^M-rif)2) 
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BENDING MODULUS OF RUPTURE VS DIAMETER/THICKNESS RATIO 
FOR VALUES OF ULTIMATE TENSILE STRENGTH FROM |80K TO 260K 

KOOOO. 

160030 
10.0        1: : 10.0 

DIAMETER/WALL THICKNESS RATIO 

Figure 47. Bending modulus of rupture. 
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BENDING MODULUS OF RUPTURE VS DIAMETER/THICKNESS RATIO 
FOR VALUES OF ULTIMATE TENSILE  STRENGTH FROM  |80K TO 260K 
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Figure 48.   Torsion modulus of rupture. 
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MMI ,.«> wammn ■:'l..■-j-.■..... -■ ■,-.■■..-.■' -. 

2 
AS - area required for strength for assumed value of DOT, in. 

FCY « compression yield stress, lb/in.2 

The geometric area for the assumed value of diameter to wall thickness is 
computed by equation 87. 

VDor / 
AG - PI DIA^p—f (87) 

AG * geometric area for assumed value of DOT, in.^ 

The ratio of the area required for strength to the geometric area is then 
determined for each of the three assuned values of diameter-to-wall-thickness 
ratio. 

R • f (88) 

R ■ ratio of area required for strength to geometric area 

The program interpolates in the three assumed values of DOT to find the 
value for which R a 1. Three new values of DOT are then assumed (the inter- 
polated value, aiid one on either side), and a second pass is made through 
equations 83 to 88. The program interpolates for the final value of the 
diameter-to-wall-thickness ratio, and then calculates the final diameter and 
area. 

1 DOVT (DP + 0.625) 
DIAM 55^2  (89) 

AREAC • PI DIAM2 ( W"-A ) (90) 
/D0VT-l\ 

VDOVT2   / 
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DIAM - final outside diameter of cylinder for this load 
condition, in. 

AREAC ■ final area of cylinder section for this load condition, 
in.2 

DOVT « final interpolated value of DOT for which R - 1 

AREAC is saved if it is greater than any area previously computed at 
that section for another load condition. 

At section 2,  the diameter, DIAM, and the three moments are also saved, 
for use in the deflection analysis. 

DEFLECTION ANALYSIS 

As noted earlier, the deflections are initialized at 0. The first pass 
through the calculations of the area of the four cylinder sections (equations 
65 through 90) is made with deflections equal to 0; therefore, equations 69, 
71, 76, 78, and 80 reduce to equations 70, 72, 77, 79, and 81. 

If the input data indicate that the deflection analysis is to be omitted, 
the program goes on to compute the inner and outer cylinder weights after the 
first pass through the area calculations. 

If the deflections are to be included, the deflections at section 2 are 
computed, and the deflections at the other sections are then deteimined by 
assuming that the deflections are proportional to the square of the distance 
from the trunnion. 

The moment of inertia at section 2 must be deteimined before the deflec- 
tions can be calculated. 

PI DIADZ4 I1 " D0VRT2) I1 " \D0VRT2/ I1 " D0VRT2// 
12 = 8 D0VRT2 (91) 

12 ■ moment of inertia at section 2, in.^ 

DIADZ * diameter of outer cylinder at section 2, in. 

D0VKr2 ■ diameter-to-wall-thickness ratio at section 2 
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The deflections at section 2 can now be calculated by equations 92 
through 94. 

BMYDZ  (TOTLNG - LNGTHj' 

2 E 12 
(92) 

BMZDZ (TOTLNG - LNGTH2)' 

2 E 12 
(93) 

PHI2 = 
TPHIDZ (TOTLNG - LNGTH ) 

2 G 12 
(94) 

BMYDZ = fore-aft bending monvent from load condition which pro- 
duced maximum area at section 2, in.-lb 

BMZDZ = lateral bending moment from load condition which pro- 
duced maximum area at section 2, in.-lb 

TPHIDZ • torsion moment from load condition which produced the 
maximum area at section 2, in.-lb 

E = modulus of elasticity, lb/in.^ 

G ■ modulus of rigidity, lb/in.^ 

The deflections at sections 3 and 4 are then calculated by equations 95 
through 98. 

TOTLNG - LNGTH 
RI2 = 

TOTLNG - LNGTH I (95) 

YI B YZ RI2 (96) 
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Zj - Z2 RI2 (97) 

PHTj = PHI2 RI2 (98) 

RI2 ■ ratio of deflection at section 2 

PHI. ■ angular deflection at section I, radians 

The program then returns to recalculate the areas at the four sections, 
starting with equation 65. This loop continues for six passes, or until the 
area at section 2 is closer to the area from the previous pass than a given 
tolerance. 

INNER AND OUTER CYLINDER WEIGHT 

The weight of the outer cylinder is determined from the areas of sec- 
tions 1, 2, and 3. 

/ AREA.^ + 2 AREA- + AREA \ / v 
WTOC »I ^—^ MjLNGTHj - LNGTHj 

STRUTS RHO WCOC (99) 

WTOC ■ weight of outer cylinder, lb 

AREA. = maximum of areas computed at section I for each load 
condition, in.2 

STRUTS ■ number of struts, main or nose gear (always for nose 
gear) 

RHO - density of material, lb/in.3 

WCOC ■ weight coefficient for outer cylinder 
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The inner cylinder extends from the axle to section 2, the midpoint of 
the outer cylinder, as shown in Figure 37. The diameter of the inner cylinder 
is DI^, the piston diameter. The part of the inner cylinder from the axle 
to section 3 has the area computed at section 4, and the part from section 3 
to section 2 has an area based on an assumed diameter-to-wall-thickness ratio. 

/PI DPM
2
 (D0T32-1) 

\       DOT: 

(LNGTU -LNGTH ) 
WIIC = I    '■  = L+ AREA^ LNGTH . 

D0T32 4 Js 

STRUTS RHO WCIC (100) 

WTIC ■ wei^it of inner cylinder, lb 

D0T32 ■ assumed diameter-to-thickness ratio of inner cylinder 
between sections 2 and 3 

WCIC ■ weight coefficient for inner cylinder 

AXLE WEKKT 

There is one axle for each wheel on both the main gear and nose gear. 
The length of the axle is computed by equation 101. (See Figure 38.) 

DP 
AXLGTH - W +y: (101) 

AXLCTH = length of axle, in. 

W ■ width of tires, either V^ or WN, in. 

DP = piston diameter, either DPM or DP.., in. 

The total load on the axles is computed by equation 102 for the main 
gear, and 103 for the nose gear. 

AXL0AD » GRWT-Q (102) 
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AXLOAD - GRWrT0 - SW STRUrM (103) 

AXLOAD ■ total load on axles for either main or nose gear, lb 

The bending moment at the side of the piston and the torsion moment are 
computed by equations 104 and 105. These equations assume that one tire is 
flat when there are two wheels on a main or nose gear strut, and that two 
tires on a strut are flat when there are four wheels on the main gear struts. 

BMAX » 1 
•5\AMAX1[2, WS|/   W   (STRUTS) C104) 

/ 0.8 AXLOAD\ /OD\ /    2     \ 
AMAX1 [2, WS] \ 2 / ^STRUTS/ UU:>J TMAX - 1.5 

BMAX ■ bending moment on each axle, in.-lb 

IMAX « torsion moment on each axle, in.-lb 

WS ■ number of wheels per strut, either WS., or WSj. 

AMAX1 ■ absolute maximum of the two arguments 

Although the axle is a solid cylinder, the bending modulus of rupture 
and torsion modulus of rupture are computed by equations 84 and 85, using a 
value of diameter-to-wall-thickness ratio equal to 10. The diameter of the 
axle at the side of the piston can now be computed. 

/ 0 5V0-333 

DIAAX ■ diameter of axle at side of piston, in. 

The total weight of all the axles on Oxther the main or nose gear can 
then be computed by equation 107. 
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OTAXL - PI f01^)     AXLGTTi WS STRUTS RHO (107) 

WTAXL - total weight of axles for either main or nose gear 

BOGIE WEiarr 

The weight of the bogie is calculated only when there are four wheels 
per strut on the main gear. The length of the bogie is computed by equation 
108. (See Figure 39.) 

BOGL « 1.1 OEL ♦ DPM (108) 

BOGL - length of bogie, in. 

Each half of the bogie is a separate structural element, supporting the 
loads on two axles. Each tire will normally carry one-eighth of the total 
aircraft weight, but when both tires on one axle are flat, the two remaining 
tires on that strut will each carry one-fourth of the total weight. Assuming 
a side load of 0.8 times the vertical load, equations 109 and 110 will com- 
pute the bending moment and torsion moment at the midpoint of the bogie. 

BMB 

»■ '■«»fT») (A-M 
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EMB - bending moment at midpoint of bogie, in.-lb 

TMB • torsion moment at midpoint of bogie, in.-lb 

The bending modulus of rupture and the torsion modulus of rupture are 
computed by equations 84 and 85, using an assumed value of diameter-to-wall- 
thickness ratio. The diameter of the bogie can then be calculated by 
equation 111. 

0.5      '0-333 

il   //BMB r //TMB \2\ 
PI   \\BMRU/ WTMOR/ / 

//bOTB-2\2 /.      /D0TB-2\ 2\ 
\V DOTB / \        \ MTB/ jt 

Bn= |  ■^---^-^t^w^^^i (111) 

BD • diameter of bogie, in. 

DOTB » assuned value of diameter-to-wall-thickness ratio for bogie 

The weight of the bogie can then be computed by equation 112. 

/PQTB-l \ 

\D0TB2 / 
BlvT = PI BD2 (■ ^ |R0GL STRUI^ RHO WCB (112) 

BIVT ■ weight of bogie, lb 

WCB = weight coefficient for bogie 

SIDE STRUT AVD DRAG STRITT WEIgfT 

The weight of the main gear side strut is computed for the drift landing 
and turning conditions. The maximum weight is saved. The nose gear side 
strut is confuted for the turning condition. (See Figure 40.) 

/3 NL\ 
\FCY  / 

SSWT « 0.7698 TOTLNG   I "I RHO STWTS WCSS (113) 
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SSWT ■ weight of main or nose gear side strut, lb 

WCSS - side strut weight coefficient 

The weight of the drag strut is computed for all conditions except drift 
landing and turning. The maximum weight is saved. 

DSWT - 0.7698 TOTLNG li~l  R™ STRUTS WCDS (114) 
/3 NlA 
IFCY / 

DSOT ■ weight of main or nose gear side strut, lb 

WCDS » drag strut weight coefficient 

OIL WEKKT 

The weight of the oil is calculated by equation 115. 

WTOIL - PI HH 1.5 STROKE STRUTS DOIL (115) if-l - 
WTOIL ■ weight of oil for either main or nose gear, lb 

STROKE ■ stroke of either main or nose gear, in. 

DOIL » density of oil, lb/in.3 

MISCELLANEOUS WEIGKT 

The miscellaneous weight is a function of TOTCAL, the total calculated 
structure weight, and TOTSTW, the total calculated weight. 

TOTCAL = WOC + WTIC + WTAXL + WTOIL + SSWT + DSWT + BWT      (116) 

TOTSTW - TOTCAL + WTTB (117) 
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TOTCAL ■ total calculated structure weight of either main or nose 
gear, lb 

TOTSTW ■ total calculated weight of either main or nose gear, lb 

WTTB ■ weight of wheels, tires, tubes, and brakes for either 
main or nose gear, lb 

The miscellaneous weight is calculated by equation 118 for the main gear, 
and equation 119 for the nose gear. 

WIMISC '  CWCMG-1) TOTCAL ♦ WCMG (0.25 TOTSTW + 0.50 TOTCAL 

+ 0.001 GRWrT0) (118) 

WIMISC - (WCNG-1) TOTCAL + WCNG (0.25 T0TSTO +0.50 TOTCAL + 15)(119) 

WTMISC ■ miscellaneous weight of either main or nose gear, lb 

WQ1G ■ main gear weight coefficient 

WCNG ■ nose gear weight coefficient 

TOTAL WEIGHT 

The total weight of the main gear is calculated by equation 120, and the 
total weight of the nose gear by equation 121. 

TOTAL - TOTSTW + WTMISC + WMI (120) 

TOTAL = TOTSTW + WIMISC (121) 

TOTAL s total weight of either main or nose gear, lb 

WMI • input miscellaneous weight, lb 
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TAIL WHEEL WEIOTT 

If the auxiliary gear is a tail wheel instead of a ruse gear, equation 122 
is used, where TOTSTW is the total calculated weight of the main gear. 

TOTSTW0,2963 (GRWT  - SW STRin" )0,6238 

TAILW 2124    C122) 

e 

TAILW » weight of tail wheel, lb 

CEI^ER OF GRAVITY 

The centers of gravity of the main gear and the nose gear are determined 
by calculating the center of gravity of the total of the calculated components 
(inner cylinder, outer cylinder, axle, brakes, tires, etc.). This assumes 
that the miscellaneous weight has the same CG as the calculated components. 
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Section III 

PROGRAM DESCRIPTION 

GENERAL DISCUSSION 

The methods, equations, and logic discussed in section II have been 
programmed in FORTRAN for the CDC 6600 conputer. The landing gear program 
is in overlay (6, 0) of SWEEP. This overlay contains the main program 
(LANDGR) and five subroutines. The program subroutine flow diagram is shown 
in Figure 49. The functional flow diagram is shown in Figure 50. 

I 0LAY00 . 

]Q   ]® 
LANDGR 

© I© 
LGEAR C 

I© |® 
LGWT 

© 
LOADS ] 

{®    I® 
] 

LG3P BMOR 

Figure 49. Subroutine flow diagram. 
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I   Call landing gaar module    > 

I 
Read Input data 

I 
Compute landing gear loads 

I 
Compute landing gear weights 

I 
Return to main control 

Figure 50. Functional flow diagram. 
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MASS STORAGE FILES 

Mass storage file record 25 is the only record read in the landing gear 
program. Record 25 is read in program LANDGR. No mass storage file records 
are written in the landing gear program. 

Record 25 contains the landing gear input data array D. Array D is 
placed in labeled common block/LGDATA/ so that the input data may be trans- 
ferred to subroutines LGEAR and LGWT. 

INPUT DATA 

The input to the landing gear program is contained in Array D, which 
has 116 locations. 

The first 45 locations contain permanent data which are read from the 
permanent data file, TAPE 7. Table 31 contains a description of the per- 
manent data and lists the values which are stored in the permanent data file. 
These stored values may be changed when the variable input data for the 
landing gear are read. 

Locations 46 through 116 in Array D contain the variable input data. 
The variable input data are described in Table 32. 

TABLE 31. INPUT ARRAY D - PERMANENT DATA 

Subroutine 
Loc Description Value Reference 

1 Fraction of energy absorbed by strut 0.1 LGEAR 
2 Ratio of nose gear piston diameter to main 

gear piston diameter 
.6 LGWT 

3 Spinup coefficient 1.4 LGEAR 
4 Springback coefficient .893 LGEAR 
5 Main gear miscellaneous weight factor .25 LGWT 
6 Main gear miscellaneous weight factor .50 LGWT 
7 Main gear miscellaneous weight factor .001 urn 
8 Nose gear miscellaneous weight factor .25 LGWT 
9 Nose gear miscellaneous weight factor .50 LGWT 
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TABLE 31. INlVr ARRAY D - PERMANENT DATA CCONT) 

Subroutine 
Loc Description Value Reference 

10 Two-point coefficient .25 LGEAR 
11 Drift landing coefficient .8 IfiFAR 
12 Area tolerance (square inches) .1 LGWT 
13 Landing speed constant 34.7776 LGEAR 
14 Load factor constant .98 LGEAR 
15 Load factor constant .08 I-GEAR 
16 Load factor constant .8 UTCAR 
17 Tail wheel weight equation constant 2.024 LGWT 
18 Tail wheel weight equation constant .2963 LGWT 
19 Tail wheel weight equation constant .6238 LGWT 
20 Diameter-to-thickness ratio factor .8 LGWT 

21 Diameter-to-thickness ratio factor 1.0 LGWT 

22 Diameter-to-thickness ratio factor 1.2 LGWT 
23 Main gear stroke coefficient at takeoff 1.0 LGEAR 

24 Main gear stroke coefficient at landing 1.0 LGEAR 

25 Pounds of brake per foot-pound of kinetic 
energy 

.408 x 10"5 LGEAR 

26 Diameter-to-thickness ratio of inner cylinder 
above section 2 

50.0 LGWT 

27 Negligible load check (pounds) 100.0 LGWT 

28 Diameter-to-thickness ratio of bogie 20.0 LGWT 

29 Assumed diameter-to-thickness ratio 10.0 LGWT 
30 Assumed diameter-to-thickness ratio 30.0 LGWT 
31 Assumed diameter-to-thickness ratio 50.0 LGWT 

32 Diameter-to-thickness ratio of axle 10.0 LGWT 

33 Nose gear stroke coefficient at takeoff 1.0 I^FAR 
34 Nose gear stroke coefficient at landing 1.0 LGEAR 

35 Number of main gear struts 2.0 LGEAR, LGWT 
36 Density of oil (pounds/cubic inch) .03 LGWT 

37 Braked roll constant 1.0 I.GFAR 
38 Braked roll constant 1.2 LGEAR 
39 Fraction of strut length to section 1 1.00 LGWT 
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TABLE 31.    INPUT ARRAY D - PERMANENT DATA (CONCL) 

Loc 

40 
41 
42 
43 
44 
45 

Description 

Fraction of strut length to section 2 
Fraction of strut length to section 3 
Fraction of strut length to section 4 
Ultimate-to-limit ratio 
Not used 
Not used 

Value 

.60 

.20 

.12 
1.5 

Subroutine 
Reference 

LGWT 
LGWT 
LGWT 

LGEAR, LGWT 

TABLE 32.    INPUT ARRAY D - VARIABLE DATA 

Subroutine 
Loc Description Units Note(s) Reference 

46 Takeoff weight lb 1 LGEAR, LGWT 
47 Landing weight lb 1 LGEAR, LGWT 
48 Aborted takeoff A weight lb 1 LGEAR 
49 Fuselage station of CG of aircraft at 

takeoff 
in. 1 LGEAR, LGWT 

50 Fuselage station of CG of aircraft at 
landing 

in. 1 LGEAR 

51 Distance from aircraft CG to ground in. 1 LGEAR 
52 Fuselage station of main gear in. 1 F^FAR, LGWT 
53 Fuselage station of nose gear (or tail 

wheel) 
in. 1 LGEAR, LGWT 

54 Distance between main gear struts in.. 1 LGEAR 
55 Ultimate tensile strength of material lb/in.2 LGWT 
56 Poisson's ration of material M LGWT 
57 Conpression yield stress of material lb/in.* LGWT 
58 Modulus of elasticity of material lb/in 2 

lb/in. 
LGWT 

59 Density of material LGWT 
60 Main gear deflection indicator 2 LGWT 
61 Nose gear deflection indicator 2,3 LGWT 
62 Auxiliary gear indicator 3 LGEAR, LGWT 
63 Weight coefficient for main gear LGWT 
64 Weight coefficient for nose gear 3 LGWT 
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TABLE 32.    INPUT ARRAY D - VARIABLE DATA (CQNT) 

Subroutine 
Loc Description Units Note(s) Reference 

65 Weight coefficient for outer cylinder 
of main and nose gear 

LGWT 

66 Weight coefficient for inner cylinder 
of main and nose gear 

LGWT 
LGWT 

67 Weight coefficient for bogie LGWT 
68 Weight coefficient for main gear drag 

strut 
2 LGWT 

69 Weight coefficient for main gear side 
strut 

2 LGWT 

70 Weight coefficient for nose gear drag 
strut 

2,3 LGWT 

71 Weight coefficient for nose gear side 
strut 

2.3 LGWT 

72 Axle to trunnion length of main gear 
with piston extended 

in. 1 LGWT 

73 Stroke of main gear in. 1.4 LGEAR, LGWT 
74 Piston diameter of main gear in. 5 LGWT 
75 Eccentricity of main gear wheels in. 6 LGWT 
76 Wheels per strut on main gear 7 LGEAR, LGWT 
77 For-aft angle of main gear strut deg 8 T-GFAR. LGWT 
78 Lateral angle of main gear strut deg 8 LGEAR. LGWT 
79 Outside diameter of main gear tires in. LGEAR, LGWT 
80 Width of main gear tires in. LGEAR. LGWT 
81 Axle to trunnion length of nose gear 

with piston extended 
in. 1.3 LGWT 

82 Stroke of nose gear in. 1.3,4 LGEAR. LGWT 
83 Piston diameter of nose gear in. 3,5 LGWT 
84 Eccentricity of nose gear wheels in. 3.6 LGWT 
85 Wheels per strut on nose gear 3.7 LGEAR, LGWT 
86 Fore-aft angle of nose gear st: K deg 3.8 LGEAR. LGWT 
87 Outside diameter of nose gear tires in. 3 LGEAR. LGWT 
88 Width of nose gear tires in. 3 LGEAR. LGWT 
89 Sink speed at takeoff weight ft/sec 1.9 LGEAR, LGWT 
90 Sink speed at landing weight ft/sec 1 I^FAR 
91 Landing speed at takeoff weight ft/sec 1.10 LGEAR 
92 Landing speed at landing weight ft/sec 1,10 LGEAR 
93 Limit load factor at takeoff weight 11 IfiFAR 
94 Limit load factor at landing weight 11 LGEAR 
95 Coefficient of lift at takeoff weight 10 LGEAR 
96 Coefficient of lift at landing weight 10 LGEAR 
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TABLE 32.    INPUT ARRAY D - VARIABLE DATA (CONT) 

Loc Description Units Note(s) 
Subroutine 
Reference 

97 
98 
99 
100 
101 

102 
10., 
104 

105 
106 
107 
108 

109 
110 
111 
112 
113 
11* 
115 
116 

Area of wing 
Wing lift coefficient 
Not used 
Main gear wheel weight per aircraft 
Inertia of main gear wheels, tires, 
tubes, and brakes 

Main gear tire weight per aircraft 
Brake weight per aircraft 
Main gear miscellaneous weight per 

aircraft 
Nose gear whejl weight per aircraft 
Nose gear tire weight per aircraft 
Main gear axial load ) any conditions 
Main gear nonnal load/ except turning 

or drift landing 
Main gear axial load J ^ ^ 
Main gear nonnal load/ 
Main gear axial load \   Turnin_ 
Main gear nonnal load/     g 

Nose gear axial load ) Any conditions 
Nose gear nonnal load/ except turning 
Nose gear axial load \   ~. 
Nose gear nonnal load/     • 

ft2 

lb 2 slug ftz 

lb 
lb 
lb 

lb 
lb 
lb 
lb 

lb 

lb 
lb 
lb 
lb 
lb 
lb 

10 

12 
13 

12 
12 
14 

3,12 
3,12 
9 
9 

9 

9 
9 
3,9 
3,9 
3,9 
3,9 

LGEAR 
I .GEAR 
LGEAR 
I^EAR 
LGEAR 

LGEAR 
LGFAR 
LGWT 

LGEAR 
LGFAR 
IXtfAR  ! 
LGEAR 

LGEAR 

I.GFAR  { 
LGEAR 
LGEAR 
LGEAR 
LGEAR 
IflRAR 

1. 
NOTE 

2. 

If the takeoff weight is not input in location 46 of the landing gear 
data, the data in locations 47-54, 72, 73, 81, 82 and 89-92 sho»dd also 
be omitted. The data in these locations will be transferred from the 
general input data to the landing gear input data in subroutine DLNDGR 
in the data management module. 

If the main gear deflection indicator in location 60, or the nose gear 
deflection indicator in location 61, is 0, the deflections of the strut 
will be determined. If the deflection indicator is 1, the deflection 
analysis will be bypassed in subroutine LGWT. 

In theory, the deflections would be determined when there are no drag 
and side struts supporting the main strut, and bypassed when there are 
supporting struts. However, there is no restriction in the program, 
and the user may t    Uh deflections and supporting struts, or 
neither. 
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TABLE 32.    INPUT ARRAY D - VARIABLE DATA (CONT) 

The drag and side strut weights are always computed in subroutine LGWT, 
but may be deleted by setting the corresponding weight coefficient to 
0.   The weight coefficients are in locations 68 through 71. 

3. 

4. 

5. 

6. 

7. 

If the auxiliary gear indicator in location 62 is 1, the auxiliary 
gear is a nose gear.   The weight of the nose gear is determined in the 
same manner as the main gear.    If location 62 is 0, the auxiliary gear 
is a tail wheel.   The weight of a tail wheel is calculated from a 
single statistical equation; therefore, the nose gear data in locations 
61, 62, 64, 81-88, 105, 106, and 113-116 may be omitted. 

The main gear stroke in location 73 and the nose gear stroke in loca- 
tion 82 are in the vertical direction, not parallel to the strut 
(unless the strut is pexpendicular). 

If the piston diameter of the main gear is not input in location 74, it 
will be confuted in subroutine LGWT as a function of the static load. 

If the piston diameter of the nose gear is not input in location 83, it 
will be computed in LGWT as a function of the main gear piston diameter 

The eccentricity is measured as shown in Figure 51.    The eccentricity 
is positive in the inboard direction, negative in the outboard 
direction. 

Q-J 
H +e 

41     t 
s|f—      e - i 

Figure 51.   Sign convention for main gear eccentricity. 

The main gear must have 1, 2, or 4 wheels per strut. If there are 4 
wheels per strut, the weight of the bogie will be determined in sub- 
routine LGKT. 

The nose gear must have 1 or 2 wheels per strut. 
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TABLE 32.    INPUT ARRAY D - VARIABLE DATA CCONT) 

8.      The fore-aft and lateral angles of the main gear strut are measured as 
shown in Figure 52.   The fore-aft angle is positive in the forward 
direction; the lateral angle is positive in the outboard direction. 
The nose gear has only a fore-aft angle, as shown in Figure 53. 

Lateral  angle 

9. 

Outboard 

Trunnion 

Main gear strut 

Fore-aft angle 

Forward 

Axle 

V^Nos« 

X 
Trunnion 

Nose gear strut 

Fore-aft angle 

axle 

Figure 52.   Main gear strut 
angles. 

Figure 53.    Nose gear strut 
angles. 

If the sink speed is input in location 89 in the landing gear data, 
the loads will be confuted in subroutine LGEAR, and the input loads in 
locations 107 through 116 may be omitted. 

If the sink speed is not input, the loads cannot be computed; one or 
more sets of loads must be input for both the main gear and the nose 
gear.    If more than one set of loads is input, the program will deter- 
mine the critical loads, just as when all the loads are computed. 

If the main gear input loads are from either the two-point landing, 
spinup, springback, braked roll, unsymmetrical braking, or towing 
conditions, they are input in locations 107 and 108.    The loads are 
in the fore-aft direction, and must be input if the weight of the 
main gear drag strut is to be computed. 

If the main gear input loads are from the drift landing condition, 
they are input in locations 109 and 110; if from turning, they are 
input in locations 111 and 112.    Either the turning or drift landing 
loads must be input if the weight of the main gear side strut is to 
be conputed. 
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TABLE 32.  INPUT ARRAY D - VARIABLE DMA (CONCL) 

If the nose gear input loads are from any condition except turning, 
they are input in location 113 and 114. These loads are in the fore- 
aft direction, and must be input if the weight of the nose gear drag 
strut is to be computed. 

If the nose gear input loads are from the turning condition, they are 
input in locations 115 and 116. The turning loads must be input if 
the weight of the side strut is to be conputed. 

10. If the landing speed at takeoff weight is input in location 91, the 
landing speed at landing weight must also be input in location 92, 
and the wing area in location 97 and the lift coefficients in loca- 
tions 95 and 96 may be omitted. If location 91 is 0, both landing 
speeds will be comouted from the input data in locations 95, 96, and 
97. 

11. If the load factor at takeoff weight is input in location 93, the 
load factor at landing weight must also be input in location 94. If 
location 93 is 0, both load factors will be conputed. 

12. If the main gear wheel weight is input in location 100, the main 
gear tire and brake weights in locations 102 and 103 and the nose 
gear wheel and tire weights in locations li^ and 106 must also be 
input. If location 100 is 0, the wheel, tire, and brake weights 
for both the main and nose gears will be conputed in subroutine 
LGEAR. 

13. If the inertia of the main gear wheels, tires, and brakes is not 
input in location 101, it will be conputed. 

14. The miscellaneous weight input in location 104 is in addition to the 
miscellaneous weight conputed by statistical methods in subroutine 
LGWT. 

LABELED CONMON BLOCKS 

The common block labeled/IPRINT/contains array IP (80). Each location 
in array IP is a print indicator. A "0" indicates print, or "1" indicates 
do not print. 
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Location 59 in array IP is used in program LANDGR to detezmine whether 
the input data will be printed. 

Location 60 in array IP is used in subroutine LGEAR to indicate 
whether the landing gear loads will be printed. 

The comnon block labeled/FDATT/contains array FDAT (60). The weight 
sunnary data from each conponent of the aircraft are stored in array FDAT. 
Locations 41 through 50 in array FDAT are used to store the weights and 
fuselage stations of the main gear and either the nose gear or tail wheel. 
These variables are described in Table 33. 

TABLE 33. FDAT ARRAY VARIABLES 

LOG Description 
Subroutine 
Reference 

41 Total main gear weight, lb LGWT 

42 Main gear vheel, tube, tire, and 
brake weight, lb 

um 

43 Main gear strut weight, lb um 
44 Main gear miscellaneous weight, lb um 
45 Fuselage station of main gear, in. um 

46 Total weight of nose gear or 
tail wheel, lb um 

47 Nose gear wheel, tube, and tire 
weight, lb 

um 

48 Nose gear strut weight, lb im 

49 Nose gear miscellaneous weight, lb um 
50 Fuselage station of nose gear 

or tail wheel, in. 
um 
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The common block labeled/LGDATA/appears in the landing gear program 
only. This conmon block contains the input data array D; the landing gear 
loads array FLOATT; and the wheel, tire, tube, and brake weights. 

The input array D is described in Tables 31 and 32. 

The landing gear loads are confuted in subroutine LGEAR and stored in 
array FLOADS. This array is described in Table 34. 

The wheel, tire, tube, and brake weights are also confuted in subroutine 
LGEAR. These variables are described in Table 35. 

SUBPQinriNE DESCRIPTIONS 

PR0Gi<AM LANDGR 

General Description 

Deck name: 

Entry name: 

Called by: 

Subroutines called: 

LANDGR 

OVERLAY (5HALPHA, 6,0) 

OLAYOO 

LGEAR, LGWr 

Program LANDGR is the main program of the landing gear module. It reads 
the input data from mass storage file record 25, and prints the variable input 
data if the print indicator is on. It then calls subroutine LGEAR to compute 
the landing gear loads, and subroutine LGWT to compute the landing gear 
weights. 

Variables Calculated 

Variable Description 

N General index 

Labeled Comnon Blocks 

IP (59), which is taken from comnon block/IPRINT/, indicates whether 
the variable input data in locations 46 to 116 of the input data ^rray will be 
printed (Figure 54). 
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TABLE 34.   ARRAY FLQADS IN LGD/VTA BLOCK 

Subroutine 
■■ LOG Description Units Reference 

1 Axial load - two-point landing lb LGEAR.LGWT 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Normal load - two-point landing 

Axial load - spinvp 

Nonnal load - spinup 

Axial load - springback 

Normal load -springback 

Axial load - braked roll 

Nonnal load - braked roll 

Axial load - drift landing 

Nonnal load - drift landing 

Axial load - unsymmetrical 
braking 

Normal load - unsymnetrical 
braking 

Axial load - towing 

Main gear at 
takeoff 
weight 

■ 

14 Nonnal load - towing 

15 Axial load - turning 
- 

16 Normal load - turning lb LGEAR.LGWT 
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TABLE 34. ARRAY FLQADS IN LGDATA BLOCK (OONT) 

LOG Description Units 
Subroutine 
Reference 

17 Axial load - two-point landing lb 
i 

LGEAR.LGWT 

18 Normal load - two-point landing 

19 Axial load - spinip 

20 Normal load - spinup 

21 Axial load - springback 

22 Normal load - springback 

23 Axial load - braked roll 

24 Normal load - braked roll 

25 

26 

Axial load - drift landing 

Normal load - drift landing 

Main gear at 
takeoff 
weight 

27 Axial load - unsymmetrical 
braking 

28 Normal load - unsymnetrical 
braking 

29 

30 

31 

32 
. 

lb LGEAR.LGWr 
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TABLE 34. ARRAY FLQADS IN LGIATA BLOCK (CQMT) 

Subroutine 
LOG Descripticn Units Reference 

33 Axial load - two-point landing ] b LGEAR.LG 
i 

m 

34 Normal load - two-point landing 

35 Axial load - spinup 

36 Normal load - spinup 

37 Axial load - springback 

38 Normal load - springback 

39 

40 

41 Nose gear at 
takeoff 

42 weight 

43 Axial load - unsymmetrical 
braking 

44 Nonnal load - unsynmetrica I 
braking 

45 Axial load - towing 

46 Normal load - towing 

47 Axial load - turning 

48 Nonnal load - turning lb LGEAR.LGW 
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TABLE 34. ARRAY FLQADS IN LGDATA BLOCK (COMCL) 

LOG Description Units 
Subroutine 
Reference 

49 Axial load - two-point landing lb. 
1 

LGEAR.LGWT 
i        i 

50 Normal load - two-point landing 

41 Axial load - spinip 

52 Normal load - spinip 

53 Axial load - springback 

54 

55 

Noxnal load - springback Nose gear at 
landing 
weight 

56 

57 

58 

59 Axial load - unsyninetrical 
braking 1 

60 Noimal load - unsymmetrical 
braking 

lb LGEAR.LGWT 

TABLE 35. WHEEL, TIRE, TUBE, AND BRAKE WEIGHTS 
IN LGDATA BLOCK 

Variable Description Units 
Subroutine 
Reference 

TTAUX Weight per aircraft of nose gear tubes and 
tires 

lb LGE AR.LG WT 

TimiN Weight per aircraft of main gear tubes and 
tires 

WHEELA Weight per aircraft of nose gear wheels 

WHFEIM Weight per aircraft of main gear wheels 

BRAKES Weight of brakes lb I.GR 
T 

AR,LGWr 
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The input data array D (Tables 31 and 32) is placed in cannon block/LGDATA/ 
so that the input data may be transferred to subroutines LGEAR and LGWT. 

Mass Storage File Records 

Mass storage file record 25, which contains landing gear data array D, is 
read. No mass storage file records are written. 

SUBROUTINE LOADS 

General Description 

Deck name: LOADS 

Entry name: LOADS 

Called by: LGEAR 

Subroutines called: None 

Subroutine LOADS computes the axial and normal loads on the strut from 
the drag, side, and vertical loads on the wheels. 

Variables Input 

Variable Description Units 

CSFA Cosine of the angle between strut and fore-aft 
direction 

CSL Cosine of angle between strut and lateral direction 

CSV Cosine of angle between strut and vertical 

DF Drag (fore-aft) load on wheels lb 

SF Side (lateral) load on wheels lb 

VF Vertical load on wheels lb 
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Variables Catailrted 

Variable Description Uhits 

ANG Angle between strut and resultant load radians 

AXLQAD Axial load on strut lb 

CRFA Cosine of angle between resultant load and fore-aft 
direction 

CRL Cosine of angle between resultant load and lateral 
direction 

CRV Cosine of angle between resultant load and vertical 

PLOAD Normal load on strut lb 

RLQAD Resultant load of drag, side, and vertical loads 
on wheels 

lb 

SUBROUTINE LG3P 

General Description 

Deck name: LG3P 

Entry name: LG3P 

Called by: um 

Subroutines called: None 

Subroutine LG3P is a three-point interpolation routine.   A second degree 
curve, of the form shown in equation 123, is passed through three points in 
order to determine the value of Y for a given value of X. 

CXP-XiJ   (XP-XJ Y.      (XP-XJ  (XP-X.) Y.      CXP-X.)  (XP-X.) Y. 
YP ■  + ~ ±. + i 2 *n7r\ 

(x^Xj) cx2-x3)        (x1-x2) (x1-x3)        (Xj-xp (x2-x3)    UZ3J 
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Arrays Input 

Array (Dimension) Description 

X(3) 

Y(3) 

Three values of X 

Three values of Y corresponding to XC3) 

Variables Input 

Variable Description 

XP Value of X for which a value of Y will be determined 

Arrays Calculated 

Array (Diroension) Description 

V(9) Used for temporary storage of elements 
in equation 1 

Variables Calculated 

Variable Description 

YP Value of Y corresponding to XP 

SUBROUTINE BMOR 

General Description 

Deck name: BMOR 

Entry name: BMOR 

Called by: LGWT 

Subroutines called: None 

561 



Subroutine BMOR conputes the bending modulus of rupture and the torsion 
modulus of nature as functions of the a1*-mate tensile strength of the 
material and the ratio of the diameter oi -he cylinder to the wall thickness. 

Variables Input 

Variable Description Units 

DT 

HT 

Ratio of diameter of cylinder to 
cylinder wall thickness 

Ultimate tensile strength of material lb/in.2 

Variables Calculated 

Variable Description Uhits 

AFB Scratch variable 

AST Scratch variable 

BFB Scratch variable 

BMW Bending modulus of rupture lb/in.2 

BST Scratch variable 

CFB Scratch variable 

CST Scratch variable 

TMOR Tension modulus of rupture lb/in.2 

X Diameter-to-thickness ratio 

z Ultimate tensile strength divided by 
1,000 

lb/in.2 X 
lO"3 
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SUBROUTINE LGEAR 

General Description 

Deck name: LGEAR 

Entry name: LGEAR 

Called by: LANDGR 

Subroutines called: LOADS 

Subroutine LGEAR conputes the landing gear loads.   The axial and normal 
loads on the strut are determined for eight load conditions. 

The loads for the two-point landing, spinup, springback, and unsymmetrical, 
braking load conditions are determined at both the takeoff and landing weights 
for both the main and nose gears. 

The loads for the braked roll and drift landing conditions are deteimined 
at both takeoff and landing weights for the main gear only. 

The loads for the towing and turning conditions are determined at the 
takeoff weight only for both the main and nose gears. 

Labeled Common Blocks 

IP (öO), which is taken from conmon block/IPRINT/, indicates whether the 
landing gear loads will be printed in subroutine LGEAR (Figure 55). 

Input data array D is transferred from program LANDGR to subroutine 
LGEAR in conmon block/LGDATA/.   Array D is described in Tables 31 and 32. 

The landing gear loads confuted in subroutine LGEAR are stored in array 
FLOADS, which is placed in common block/LGDATA/.   Array LFOADS is described 
in Table 34. 

The wheel, tire, tube, and brake weights conputeJ in subroutine LGEAR 
are placed in common block/LGDATA/.   These variables are described in Table 35. 
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Variables Calculated 

Variable Description Units 

Al Fore-aft angle of strut radians 

A2 Lateral angle of strut radians 

CSFA Cosine of angle between strut and fore-aft 
direction 

CSL Cosine of angle between strut and lateral 
direction 

CSV Cosine of angle between strut and vertical 

DF Drag (fore-aft) load on wheels lb 

DIST Distance from main gear to nose gear 
(fuselage stations) 

in. 

FDSU Maximum spinup drag load lb 

FNCM- Element in equation for TVFACT 

FNS Element in turning load equation 

FTOW Tow load lb 

F\rSU Vertical load at time TSU lb 

I Loads index: 

I ■ 1 - Main gear at takeoff weight 
I ■ 17 - Main gear at landing weight 
I ■ 33 - Nose gear at takeoff weight 
I ■ 49 - Nose gear at landing weight 

K Weight index: 

K ■ 1 - Takeoff weight 
K » 2 - Landing weight 
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1   Variable Description I ünits    1 
!     L j Conponent index: 

L ■ 1 - Main gear 
L ■ 2 - Nose gear 

N General index 

N02 General index 

|     SF Side (lateral) load on wheels lb 

l             TSU Time required for wheel circumferential 
velocity to reach ground velocity 

sec 

TSUFAC Element in equation for TSU 

TV Time required to develop vertical 
reaction 

sec 

TVFACT Element in equation for TV 

VF Vertical load on wheels lb 

WTTAUX Weight per wheel of nose gear wheel, tube, 
and tire 

lb 

wnmi Weight per wheel of main gear wheel, tube» 
and tire 

lb 

Arrays Calculated 

'     Array 
(location) Description Units 

A(l) Distance from CG at takeoff to main gear 
(fuselage stations) 

in. 

AC2) Distance from CG at landing to main gear 
(fuselage stations) 

in. 

BCD Distance from CG at takeoff to nose gear 
(fuselage stations) 

in. 
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Array 
(location) Description Uiits 

B(2) Distance from CG at landing to nose gear 
(fuselage stations) 

in. 

DELTIR(l) Deflection of main gear tires ft 

DELTIR(2) Deflection of nose gear tires ft 

FIW(l) Inertia of main gear wheels, tires, tubes, 
and brakes 

slug-ft2 

FIW(2) Inertia of nose gear wheels, tires, and 
tubes 

slug-ft2 

FNG(l) Load factor at takeoff weight 

FNÜ(2). Load factor at landing weight 

FVMAX(l) Maximum vertical load at takeoff weight lb 

FYMAX(2) Maximum vertical load at landing weight lb 

GRWr(l) Takeoff gross weight lb 

Giwr(2) Landing gross weight lb 

OD(l) Outside diameter of main gear tires ft 

OD(2) Outside diameter of nose gear tires ft 

PRADC1) Rolling radius of main gear tires ft 

PRAD(2) Rolling radius of nose gear tires ft 

STROKE (1) Effective stroke at takeoff weight ft 

STROKE (2) Effective stroke at landing weight ft 

VL(1) Landing speed at takeoff weight ft/sec 

VL(2) Landing speed at landing weight ft/sec 
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SUBROUTINE LGHTT 

General Description 

Deck name: LGWT 

Entry name: LGWT 

Called by: LANDfiR 

Subroutines called: BMDR, LG3P 

Subroutine LGWT confutes ^he weight of the main landing gear and the 
weight of either the nose gear or the tail wheel. 

The total landing gear weight is the sum of the weights of the inner 
cylinder, outer cylinder, axle, bogie, drag strut, side strut, oil, wheels, 
tires, tubes, brakes, and miscellaneous components. Weight sunnary results 
are printed by this routine (Figures 56 and 57). 

Labeled Coinnon Blocks 

Input array D is transferred from program LANDGR to subroutine LGWT in 
common block/LGD/VTA/. Array D is described in Tables 31 and 32. 

The landing gear loads which were stored in array FLQADS in subroutine 
LGEAR are transferred to subroutine LGWT in coinnon block/LGMTA/. Array 
FLQADS is described in Table 34. 

The wheel, tire, tube, and brake weights are transferred from subroutine 
LGEAR to subroutine LGWT in common block/LGEATA/. These variables are des- 
cribed in Table 35. 

The weights and fuselage stations of the main gear and either the nose 
gear or tail wheel are stored in array FDAT in labeled common block/FDATT/. 
These variables are described in Table 33. 
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Variables Calculated 

Variable Description Itoitf 

ACM Constant in piston diameter equation 

AREAC Area of cylinder section in.2 

AREA2S Area of section 2 from previous pass 
in deflection loop 

in.2 

AXLGTH Length of axle lb 

AXLQAD Total load on axles lb 

BCM Constant in piston diameter equation 

BD Diameter of bogie in. 

BMAX Bending moment on axle in.-lb. 

£MB Bending moment on bogie in.-lb. 

BMFACT Ratio of deflection at bottom of strut 
to deflection at section 2 

BMQD Bending modulus of rtpture for axle lb/in.2 

fiMOFR Bending modulus of rtpture at cylinder 
section 

lb/in.2 

EMR Resultant bending moment in.-lb. 

BMy Fore-aft bending moment in.-lb. 

BMYDZ Design fore-aft bending moment at 
section 2 

in.-lb. 

BMZ Lateral bending moment in.-lb. 

£MZDZ Design lateral bending moment at 
section 2 

in.-lb. 

Boa Length of bogie in. 

BOGWT Weight of bogie lb. 
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Variable 

COSTHE 

DEFLI 

DEFLP 

DEFLY 

DEFLZ 

DELTA 

DELTYR 

DIAAX 

DIADZ 

DIAM 

DLFLNG 

DOTim" 

DOVT 

DP 

DSF 

DSTRWT 

ECCET 

FIG 

GMOD 

HT 

Description 

Cosine of angle between strut and 
vertical 

Deflection indicator 

Angular deflection at bottom of strut 

Fore-aft deflection at bottom of 
strut 

Lateral deflection at bottom of strut 

vrflight coefficient 

Deflection of tires 

Diameter of axle 

Diameter of cylinder at section 2 

Diameter of cylinder 

Length fron section to ground for 
drift landing condition 

Interpolated value of diameter-to- 
thickness ratio 

Final value of diameter-to-thickness 
ratio 

Diameter of piston 

Weight coefficient for drag strut 

Weight of drag strut 

Eccentricity 

Moment of inertia at section 2 

Modulus of rigidity 

Ultimate tensile strength 

Units 

radians 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in, 

lb 

in. 

in. 

lb/in.' 

lb/in. 
2 
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Variable Description Units 

I Section subscript 

J Loads subscript 

L Loads index 

LOOP Deflection loop counter 

M General index 

N Index in diameter-to-thickness 
ratio search 

NTRIP Conponent indicator (1 ■ main gear, 
2 ■ nose gear) 

ODTYR Outside diameter of tires in. 

PASS Ratio check counter 

PI Ratio of circumference of circle to 
diameter 

RADPD Element in piston diameter equation 

SMAIA Element in piston diameter equation 

SMALB Element in piston diameter equation 

SSF Weight coefficient for side strut 

SSTRWT Weight of side strut lb 

STROKE Stroke of piston m. 

STRUTS Number of struts 

SW Static load on each strut lb 

TAILWT Weight of tail wheel lb 
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Variable Description Units 

TMAX     Torsion moment on axle 

1MB      Torsion moment on bogie 

BOD      Torsion modulus of rupture for axle 

IMOFR     Torsion modulus of rupture at cylinder 
section 

TOTAL     Total weight of main or nose gear 

TOTCAL    Total calculated weight of landing 
gear structure 

TOTLNG    Axle to trunnion length of gear 
with piston extended 

TOTSTW    Total calculated weight 

TPHI      Torsion bending moment 

TPHIDZ    Design torsion bending moment at 
section 2 

VOLAX     Volume of axle 

VOLOIL    Volune of oil 

WBTT      Weight of brakes, wheels, tires, 
and tubes 

WHEELS Number of wheels per strut 

WIDTH Width of tires 

WTAXL Weight of axle 

WTBRK Weight of brakes 

WTIC Weight of inner cylinder 

in.-lb. 

in.-lb 

lb/in.2 

lb/in.2 

lb 

lb 

in. 

lb. 

in.-lb 

in.-lb 

. 3 in. 

in. 

lb 

in. 

lb 

lb 

lb 
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Variable Description Units 

WTMISC Calculated miscellaneous weight 

WTOC Weighs of outer cylinder 

WTOIL Weight of oil 

WITT Weight of tubes and tires 

WIWHL Weight of wheels 

XAWTBB Fore-aft distance from trunnion to CG 
of wheels, tires, tubes, and 
brakes 

XCG Fore-aft distance from trunnion to CG 
of main or nose gear 

XCGDS Fore-aft distance from trunnion to CG 
of drag strut 

XCGIC Fore-aft distance from trunnion to CG 
of inner cylinder 

XCGDC Fore-aft distance from trunnion to CG 
of outer cylinder 

XCGOIL Fore-aft distance from trunnion to CG 
of oil 

XCGSS Fore-aft distance from trunnion to CG 
of side strut 

XFB Bending modulus of rupture for bogie 

Torsion modulus of rupture for bogie 

YAWBB Lateral distance from trunion to CG of 
wheels» tires, tubes, and brakes 

YCG Lateral distance from trunnion to CG 
of main nose gear 

YCGDS Lateral distance from trunnion to CG 
of drag strut 

lb 

lb 

lb 

lb 

lb 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

lb/in.2 

lb/in.2 

in. 

in. 

in. 
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Variable Description Lhits 

YCGIC     Lateral distance from trunnion to CG    in. 
of inner cylinder 

ifCGOC     Lateral distance from trunnion to GG    in. 
of outer cylinder 

YCGOIL    Lateral distance from trunnion to GG    in. 
of oil 

YCGSS     Lateral distance from trunnion to GG    in. 
of side strut 

ZAITEB    Vertical distance from trunnion to GG   in. 
of wheels« tires, tubes« and brakes 

ZCG      Vertical distance from trunnion to CG   in. 
of main or nose gear 

ZCGDS     Vertical distance from trunnion to CG   in. 
of drag strut 

ZCGIC     Vertical distance from tiumion to GG   in. 
of inner cylinder 

ZCGOC     Vertical distance from tnnnion to CG   in. 
of outer cylinder 

ZOJOIL    Vertical distance from trwinion to CG   in. 
of oil 

ZCGSS     Vertical distance from urunnion to CG   in. 
of side strut 
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Arrays Calculated 

Array 
(location) Description Uhits 

ANGLE(1) Fore-aft angle of strut radians 

ANGLE(2) Lateral angle of strut radians 

AREANC1) Final area of section 1 in.2 

AREAN(2) Final area of section 2 m.2 

AREAN(3} Final area of section 3 in.2 

AREAN(4) Final area of section 4 in.2 

AS(1) Clyinder area required for strength 
for DOTCl) 

2 in. 

AS(2) Cylinder area required for strength 
for DOT (2) 

2 in. 

AS(3) Cylinder area required for strength 
for DOT (3) 

.    2 
in. 

DU CD Outside diameter of strut for DOTCl) in. 

DIA(2) Outside diameter of strut for DU1(2) in. 

DIA(3) Outside diameter of strut for UU1(3) in. 

DOT(l) First assumed value of diameter-to- 
thickness ratio 

DOT (2) Second assumed value of diameter-to- 
thickness ratio 

DOTC3) Third assumed value of diameter-to- 
thickness ratio 

DOVRTNCl) Final diameter-to-thickness ratio of 
section 1 

DOVRTN(2) Final diameter-to-thickness ratio of 
section 2 
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Array 
(location) Description Uhits 

D0VRTN(3) Final diameter-to-thickness ratio of 
section 3 

D0VRTN(4) Final diameter-to-thickness ratio of 
section 4 

RNGTOCl) Length from axle to section 1 in. 

FLNCTH(2) Length from axle to section 2 in. 

FLNGTH(3) Length from axle to section 3 in. 

FLNGrH(4) Length from axle to section 4 in. 

GRWr(l) Takeoff gross weight lb. 

GRWr(2) Landing gross weight lb. 

LODIDN(l) Design condition identification for 
section 1 

IJODIDN(2) Design condition identification for 
section 2 

L0DIDN(3) Design condition identification for 
section 3 

L0DIDN(4) Design condition identification for 
section 4 

PFB(l) Bending modulus of rupture at 
section 1 

lb/in.2 

PFB(2) Bending modulus of rupture at 
section 2 

lb/in.2 

PFB(3) Bending modulus of rupture at 
section 3 

lb/in.2 

PFB(4) Bending modulus of rupture at 
section 4 

lb/in.2 
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Array 
(location) Description 

PFST(l)     Torsion inodulus of npture at 
section 1 

PFST(2)     Torsion modulus of rupture at 
section 2 

PFSTC3)     Torsion modulus of njpture at 
section 3 

PFST(4)     Torsion modulus of rupture at 
section 4 

PHI(l) Angular deflection at section 1 

PHI(2) Angular deflection at section 2 

PHI (3) Angular deflection at section 3 

PHI(4) Angular deflection at section 4 

RAT(l)      Ratio of strength area to 
geometric area for DOTCl) 

RAT (2)      Ratio of strength area to 
geometric area for DOT(2) 

RAT(3)      Ratio of strength area to 
geometric area for DOT(3) 

Y(l) Fore-aft deflection at section 1 

Y(2) Fore-aft deflection at section 2 

Y(3) Fore-aft deflection at section 3 

Y(4) Fore-aft deflection at section 4 

Z(l) Lateral deflection at section 1 

2(2) Lateral deflection at section 2 

2(3) Lateral deflection at section 3 

Z(4) Lateral deflection at section 4 

Units 

lb/in. 

lb/in.' 

lb/in.2 

lb/in/ 

radians 

radians 

radians 

radians 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 
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»1 »      • .•«VWnUHMII • r«M>l«l«tllHMI 
tM C 

*• c oaoi nm mm mm tmitw» 
Wm WH. • tni«.Mt.MM 

»t c 

IW c 

M «H «r • iMii * .««■i«i<o<«i"»i«it • «WIIKI • »mi i •in 

■t v • mmi.**r , •«• • »lau • MKIKI <*<«II/ •«.•«III«<«I I 

tm w'».» 
»xmKtm..wM.wjn*mut't»tji*mui<»ut 
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Uftt/Hl 

t/mm 

MMIf 11*11« <unri«i CMH «i - «ctr     laoiw mm tmu 

m ir w-)iMi.u*.«w 

IK 
ITI 
r* 

IM 

• vr • «IKI / oitt • Mflini • eiiti 

or • riw • oi«l) 

V • l.t 

uu i«Mic«v.c«'«.c«.,«r,tr,v.ri«Mii«if>^i«imii*iiii 

MMM 
W • «1(1 / 01«» • •Wllkl • BIOIl 

V • 0.0 

V • MIKIl.t ,  .* • •!» • 0'9tt  l Olfl / Ollll • • t 
CJU ioaD(iciv.cv*.c«..<ir,er.v.noMtii«isi.rioMXii*i3ii 

«10«« 

I «r • PI«II/DIMI • em«» • OMTIICI 

» • .• • «r 

w •(.• 
MX i.a«(icsv.cvA.c&.M'.(r.w.riow>ii««i.ricuDSiioi> 

«Iff KkJIW 

«r • .• •nonMiii 

m • o.o 

w • oiiii • *r 

CJU. ia«oictv,nr*.c«..«r.ar.v.n«oiii<oi.ao«Mii«OM 

IMMMCmiC«. «WIM 
ir • out • - «mi/ II.«<OI»II « oisti • OIBH 

or • .0 • 
W • 0.0 

c«i iftMic«v.nr*.c*..«r,or.v.n.MMiMoi,nsMii«iiii 

ir iK-ii<ns.<ns,ii« 

iMO «r • oim • OXIIKI «OIHII/ OISI / eiai 

rtOM 

•MO If lOWIl«l-IOOM.Ol*M.*M,MO 

MO ir IOKITIIII-IOOOM oi««.««.*»> 
MO riOH     •0.I4MIIIII 

«ra*« 
«orrnM    ••o.O'OnniKii/io.o^Mt.o 

« fe«« 
«o»ri«    •« IS<(MUIIIII 

<«or •   n • rrou • BI*II 

V ■ 00 

CJU io<Mic«v,«r*,c*.,w,gr,v,rLO<niM(i.n.oiioiii«iiii 

Ufmn 
iMrnm 

lorttioe 
UCVII* 
uc TOO 

«ii 

«it 

«ii 

nm • «imi.t . .»«••KKC ««■ / 01*1 / oioin 

«r • owiwi • i.faiiii/Diti • «••oisn/oumi • oi«li 

m • o.o 
v • rw • ir 

c«i lOMOictv.nr A.m. vr .or. tr .noaMi ■•i«i.no«tii«i«ii 

»10 
»i» 

ira - ti«B,*M.»*i 

«« w leioti       IMO.WI.WO 

■t tr r« MD« mm IMM 

• ««f »I.* 

r «no««!««)       • »<mm     /it.» 

r>Mwiii<r«n«iiMMii* omi / Mti 
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M/ti/* «MM mil« MMnm CMMI «I ■ MV    tmrnm um i 

Mi rwMi«   l««H«l«   l««l*l* um / M«f 

«•» c 
Mi mm • tint i it.« 

«N «Ml«! • «iti • .«■ 
«W ■LIMItl • «1(1 • .H 

«11 C 
«U «I • •<«) / »T.IMT 

«n CiV«CM)M) 

«M C»**tMIMI 

«M M. • •• 

«a c 
«IT C                            KMH rM M« «4* iOMt 

«■ c 
«» t •( 
«M «w «it                                                                        vminm 

«•■ c 

««t c 
«•> Ma iruriMiiiM.tw.itM 
«w Wimin:i«.>wiwri<ii.n«iii.>nii.o<«»i.a»nc«».riaiti.w.<ii.Di«ii 

«•• «irOI*MtllMI.M>.MM" LOtM •   IPIMI  ••// 

«• I                tH.IMJMIM Wno.«I.IMIMIII0 «mo/ 
*»» • »ii.*Mi«a.w,iiHAior«cia*.>ii.wiri/aci.n.»iiri/mci// 

«• • «B.»nac-«rr.ri(.i.rii.>.rii.ijit t/ 
<n* • tai.M.<ioiis .rii.i.rii.i.ri).i.ri».t////i 

<M miicet.mi 
Ml HtfOMUl     MII.IM.JMMWK4I10IW// >|II.IM«U«I.M9IIS««. 

MI • «MMMI uwiw«4H//».aflac-«rr,tii.«tJMiiw,w. 

Ml •   ■IMK'OT.M.VtJMinat 

Mt M Tit ■M.M.t 

Mi Mi• IM 
Mi MM (TII.Tlt.Tll.II0.Tlt.Tli.7IT.1iil.Mt 

MT Til Mllttlt.ltll 
Mi «i ranuiiNt.n.amoraiMi 

Mi «ram 

Mt Tit MUnit.Wl 

Mi «ram 

Ml Til Mlllllt.mi 

Mt WrOiMlimt.III.IIWMIMilCKI 

Mi «ram 

Mi TN Minit.TPlI 

MT WH fWMIIM.Tt.lliaUWB MU-I 

Mi « li TM 
Mi Tit Miinit.ini 

»it «troMuiiHt.Ta.iMHiri iJtoiMii 

«Tl « W T» 

»T» TW winit.mi 

«n rairatwTiiM.Tii.iiMwtn truniMi 

«T» «mm 

»Tt TIT Mllflt.WT) 

•ra «rratMii 
»TT « ra nt 

«ra Tit Minii.wi 

«ft WrtMUIIM.W/ 

Mt «rant 

Ml ni wmii.mi 

Mt Ttl fOIMtlllM JH.MWIJLi 
MI Mii(ii.TaiaMMi»-ii.nMMm*iii,ai«i<ii«iii.n.t«tiiH<iTi 

«•■ TMraMkiiiH*.wi.rt.t.B.r«.i.».rt.i.ii.rt.ti 

Mi Winit.Tttl 

MI ratrMMiirai.ataiM.1 

MT WINIi.THI«VaMtllil.n.MMIM*li>Jl«MtH>lt>.>l«MIIMil 

Mi «rani 

Mi TMMIIffat.rail 

Mi iiiiiii«.Titma«tii>-ii.a(MM<M>it> 

Ml MlltKt.lMI 

Mt MiKit.Titirti«t<i».rtewti(Hiii 

Mi «rant 

<« TMHiirait.raii 
Mi Wlltlt.TniaMHIK-llAWMIMtlll 

Mi TiiraiMi<iM>.iti.rt.t.in^i.ti 
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■It 

•17 

■It 

Mt C 

•It C 

■II c 
■It 

•11 c 

MM llttM 

winit.iwi 

Miiif it.nnawMiiii .rtMMiwM) 

tltMMUU 

C  IIIIHIIIIIIIIIIIIDIMIinilllllMnillltllllllllllllllllllllllllllHIIIIIII 

C WMUTI« ItUI 
C  IMIMMIIMilllMllllirtlllMlllllllltlllMMUIIIIIIIIIItllllllllllllllllll 

c 

MMUIMC 10MI 

• • • UWINt tt 

atOAU/oi i iti .rio«»iMi .ii««.imkiN.wccL*.i*ca.H,tMCs 

/mal/ roMiiti 

»IICNOON nmn»<i),oiun.Qmtit> 

iiiaaiw ttiiti 

tncwiai ri«i 
eticNiioN i«ii,n<iii> 

»IICWI« tmmisi 

tllCMIM lOMniloil.KSIMlll 
tHCWICH «IILMItll 

eiNMi« «rti«i 

tucwiai #rtit<ii.MOL(it> 

UMtlM 

uwtnt 

ti«i.ni* 

mn • tiwi 
r?i»i • tii7i 

out tu« 
Itl«. • t.t 
MftC • t.t 

MIC • t.t 

MM, • t.t 

Mtll • t.t 

otrv» • t.t 

■IU • t.t 

ocnr • t.t 

MM nuncm «r nuni«. 

MOXM m lltltlTT 

INt «MOO^.fOlMl        /ii.t«e<tti 

ti*jic it« ON MAIN mm to tnui 

tllO<«tl-OlU>l/l0r«l-Ol4Illl • tMIIII / tl»l 

lamtN 

UHltllt 

UMMIt 

oca rat iMso ritim oiMcm 

ir iti»i       iiNt.Mti.iiti 

MMMt tltlON tlKCm ,9.tm tIMIC UCIOHl ,«U      lOUWMt 
Mil  If IW     ■WW.tKMt.Mtl.Mtl 
MM «»ItT.t 

MMN-t 

MM ir l«     -ntlt.tlMt«.MN.fMI 
M*> «»IM.T 

MMM.( 
MMMtT 

MM If I«     •nHt.tlMH.MM.MM 

MM»     •Mnil«.t«W     l/IIMt.t'l.lHMtl 
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«/*»'* junriM cwMt KI - «■«•    tacim mm MMI 

•MT •MUtoM.CI.IIMIKIWCHI*«*! 
■lfta>ll.«/tt.ll>lll.tMKM"ll/l<CM"lll-ll«T ••«.••«<       •/■ 

it. um iiwii 

V • II ■MH't.»IHm>DI".IIHI • ll-««il/t.*l-««WDI".UIU 
•     - IKWIt.t'CMII 
•C MMN 

IM» m • MMI 
c 
c UMIW nm «u 10 SCHON «.•.CD 

WNM inii»i.« 
um ruaiNMi» oiioai • OI»I 

IttOMM 
lariui« 

mtc Mi* 
reiiMMi«! 
■rci'iMnNfi loius-awmiti i > ••» 
ccat-oini 
■irah«.M<oiiii 
•IMKOIItl 
«Tmtoni 
eaf*«iui 
«ru • •INI 

mr • um) 
m • DiMi 
MIMI • M 
«tan • i.( 
man  •• • 

«um • »IT« • .tiiNun 
amtut • OI»I • .tiniHN 
cwnc • CMiM«Hianiii.«/c«iiMUiiiii>'* • 

• ll.(/COtlWUItlll*«   • I.Wd 
•1« C 

•II c                     *i v Bmcti« laor COM 

•It tmvrn»* 
•II c 

•1* c                    «T avuctiow MC mtA tmx% to ■ 
Mt oo im »I.« 
•■• 
•IT rwtf.i 
M IIHKt.O 
•■• lOTi miiiifo.o 

im oo ON ft .it.« 

•i • i • ■«mi» 

J It MM«, is« Mooom . >i it MI«, two I 

tiu-*f   IDOIM      i«c-«r   uwit 
M ■■ «• 

mri uwiw ii 
vmm. munm i, 

M 

M 
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■ 

WWH HMM UM Mi IMMW mm «gut 

•i» 

OCOt rot IMM NM COWICO «■ •MLItlKI 

W lAMMUt- •(tTIIIIM.KM.IM* 

OCCK rot Miri uwiw laniM* 
irii-i*iMi«.f(i«.Nit 

Ml* If II-Ml INI .MM. INI 

rar as *? KWIM HBCHI icunra 

im Mr  • i«r<ci*Titi><Mitcai<«iNimiiti'«M'<cfii->ii>i-rL(uos»i 

iKOMnuxiMiwii imoim 

UMU. KMIIMI MBCHI lanint 

ii icmia 

lomiM 

laniin 

iMt mii  • inoiuuj>netouj-tt"ma 

10 TO (MB 

Min IM» «i «o «i ■n.imi to mo 

Mi« o/uo • fuoiMiit«ooi>ii«».f-«o.im 

If lOflM   / Ü.McailMIO^OM.MN 

Mio n.ewHjt'.n-n&etijt iwn 

mt    •i-cecti • titi'mrtci - mii • n.aaaii>ii 

•    • asua • noMKui 

•0 10 MB UHTi: 

■1« 
«ri 

on 
■71 

■Kl 

■» 
■W 

■TT 

■1« 

UMIHM 

UMTIUO 

MM M     • itati • iiii«r/cT - tun • aowdj-n 

•     • OLAM • niunui 

MB wm   • 0.0 

WMI    • l.t 

c 
C KUtMl •.». 

HM MI     •MOIliaW     ■•IMI"t     II 

c 

c Mt auo «o tin Men 

c 

ira-i«i««i.Mr),lMi 

iMi irii.-i«iini.igo>.iait 

Mit iriL-<«iao«.Mn.Mot 
c 

MM Mnn ■ «MHIHBIMfl . «nwit • 0<MI • t.MM • IOIUK 

i     • noMui 'tm i omi > 

00 10 tMO 
c 

MOT MlMfl • muiiKinn , omun • DIWI • I.MM • raiua 

I       • flMMUI »W I ei«TI I 

c 

c «iir MHCIW■ o«a i i«m«ii 

t¥A 00 MM »1,1 UHTI«M 

MM OOIIIII- OIIMOI 

e 

C Kl «110 OCCK COMt UMTIM0 
WM • 0.0 

C 

c nis %mn oiacmt UHTIIH 

MM If ll-«IMM.MM.MM lOMTItM 

MM Mint »1.1 

MM oiMHi>f< M «•.•ni/iwiiNi-t.oii'wriNi 

MM MM iwnni 

c 

MMMIMI»!.! MUTIM» 
Mil OIMMI^P 

MM       -M 

C 

MM M MM »1,1 
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mUpijpppMiwwwim i   i i tgaafm .■•■ —-■.-:.•...... „.,,., 
■ 

mntnm CHMI m • MW    lasiw MM MMC 

til 

TW 

Ml 
»I« 

m 
ii« 

»u 1 

M 
Tit 

ou ■aniMUMi.MAani.iMar«! 

»IMMIH MC* UHTIMt 

«»»••.•/ioiAiiii«ii.t«ii.(-i(.t/oDiiHiii»riiiMniiMi  / ■araiitHTitM 

i«>t<imti  / i».»« n«nii"«i<ria<Mij-ii/oif7i 

MIW • tnoBM MA to ocacmc MI« 

t ruiiNi • MINI / ifi • •I*INI"« • ii.t - i.«/oofiNii / OOIINII 

acaiMiioi 
IT ll.t-UlllllMM.MM.MM 

MM If II •■•MIIIIMII.MII.MH 

MM inmMIMM.Wlt.MM 
MM iriMMIMM.MM.MH 

UU7IM* 

ismtit 

rm 

m 

m 

IM 10 »-I M-I.l 

«I ODIIHI- Oli»l»l        • »IM) 

MM • I.« 

M 10 MM 

M MU. ioniui,n>,i.*.oaiiHTi 

«0 M»l ifcl.) 

•I OOIIHI- Oiloi»!       4011« 

'   MM • l.« 

TM 
TIT I C4U lOVIMI.00l,l.0.0MII 

00 MM« 

M0 

M 

MI 

»I 

Mt 

MI 

l(0WI> OHO 

00 M M00 

oca riML on, utum me OIWCTC* 

100 DO« • •tINIIOOVI , OHIII 

■0 IT II^IIMM.MOO.WM 

fM 0IM       • II (T •O.Oni/IOOM-t.OlltOVI 

«c* not aeatm-rituL 

M MUC      • n • OIM«**     / OOM • n.o - II.O/nMll 

ac« Mcvieut-aiocin «■« 

If IMCMIII-MUC     IMIO.IMO.IMO 

CIOC  IN IMU M-MC*.0'T.I.O« 10 

HO MCWI1KMUC 

OOMHNI i i-eovi 

LODIMHt • I 

if ■cum t. vac oniONiie LOK» 

IJHMI«0 

•IMMIM 

«Mt M(« «I MCIION t ir IO0P4 

■fllOVIMOO.MM.IMO 

i mm • MUC 

w m «DUCTIW. «»MI «ruciiOH ao«.«iit 

irnOVDOOH.IMO.OON 

«•00 W ILOOflOOOO.MM.MM 
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■ 

nmrm «MI UHMI «NTUM CHMI KI • «cv    uwm mm tmu 

«• c ««M m MMM « aciION • 
IM mmfM • n • M«!«« / ■•.••MMUMH • ii.t-ii.trsoMtfNitui 
*N •   • ii.t-i«.MMnM«>) • ii.*-<i.f/Miimwtiiit 
». c 
m t mntttm» a «C«IOM t 
■m Tin • •«« •  nnjomio-roiuai"*) / it.coiMi'rioi 
■m II«I«MDI>  iimawiti-wuax«» / i(.t<o<M><rioi 
M •MituifuaiNi(i-ra(iMii«imiw/if.t*aNao<n*i lanmt 
«• c 
IM c ■ruciuw «i «a «ciiaw WWMM* 

m ««not <«MII>I,« 

Mt fim • TI«I • iiruammi-niuai/iiefiM^iMUHitiii*« 
IM tau • 11*1 • iiruemiMi-teiuai/itofue-fiioimiii)"« 
W «Nt mnau • fWiti • iirunmim-totuoi/itonia-ruomitii»'« 
m c 
■m c INOK« 

IN to Mint 

m» e IMCM 

Ml MM IfKMIMUH   - «MMfll -   OIKMMII.MIt.MK 

MS C MIC MM «f KCtlW t 
•*■ Mil «KJin • mmt> 
Mt C 
tm UM »UM* I 
MT iri • • <J» IMW.MM.MII 
Ml 
Ml C AMI «at M IMOtm 
iii MM «Mit »i.« 
mi Mil «UNim-i.i 

III c 
•n Mil ncn.» • r»i • iMiua/iriMiNi«i-ioiij»ii«<i 
in mm • »m • IWIua/IIUSMm-raiLWII"! 
in MTV • mini • iwiM/ifuemni-ioiuan««! 
■IT c 
III C UMTH V MX 
III MM «MIIMIIOnMfP / l.i UHIMM 
Ml C 
MI c «cat rm mm m torn mm 
Ml If imiliriWM.MM.MVt flWMI 
Ml C 

M TO MM 
e 
c IOWON «u 
MM «—»MWlll 

c 
ir «ein»      -«.i   iMH.Mii.Mii 

c 
t cemiK MIII man wat i Hcatytmur 
c 
Mil MM. «M • |.I<MI« 

C 

M • Minn • wnin / tmn%>"t 
•   • linn • .I<MMIIII / tnuni'li".! • MCL/Li 

im • 11*11 • .« • OMIII • «or« / tnufi 

tmx «Ml llMI.Mt.«l.»fl 

MI M • IIM.KPII • tmmrni't • in«/iriiwi".f 
•M • / II.* • IIIIMl-*.*l/0<M>l«*fl / ll.l • IIIIMI-l.ll«IMIM«t) 
MI  am 
Ml C 

MT MM MM» • KMl«IITI*IWflaMK*l*l'M ••*•• WMI-I.H/ ttttfH 
m» c 
Ml C NMMtMMI UHHIM 
Hi MM M« • will • m»m i •MM*.*. «.i/tmutti 
Mi M« • II«II • .••ML«» / mmta    > • JIM / < 
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M/n/ft imn iitiua wirnim oumi «i • mur 

tmm •••• canotit •••• 

it» c 
■u c wwii« wmnmmx i»mm 
m uu «011 •iiri.m.iMo.moi 
•H C 
•MC MU OlMin iWflMi 
MT •l«M«IIH./»ll>IMIIIlBH>/MDl"t»inM«/<t.MMMII"tll".IM IMTIIM 
•M 
•M c MUM mu                                                   imnmm 
•M Muii-i»i«i«iM>"ti«cn.i/ «.•  ■•«t.ofM i«mrif 
•i c 
Mt e tu «auM 
MI MM VKMl*! • »••» • SIMM • .In 
m c 
m t ■macniicnin 
•H «IOC       •iiMUN>i»i.t*Mi«iii*i««iii>i/<i.*iMruafHiii-rueiM.ouTim 
mt iii>i>«nun«iM>      «IMI 

•M 

•M C IMOCH MT 

rm MM MIC • an • vt i iiMn • ■■.•-II.*/DIMIII • irusniiii 
•71 iru«nMiii«i«i4*i«i>nMTHiiiii«frauti>oiMi      «OIMI 

•» c 
•71 C Ml. «LI.OIL 
d» MM HIM. ••nuifMoiMi       naMi 
•» MisiL •«aMi-tnun» BIMI 

MI c 
•n c win tnui MI 

Mi IMtlM • MMC « MIIC • Ml««. • MICH • Mil • MflMI • MIM 
tm »MMI 

Ml C MUL CMOUIlniCIMI 
Mf t«tC«.«IOT»nM«1l 

•H C 
•M C MUM M «■!•■• NIIC.MI 
■M ir iMmiPifiM.tiM.iiit 

MT C Ml« 
mm UM uraiic» sin       •roiini. oiti       •ratca.« ei'i       •■MIII 

Mt M 10 IIM 
tM 
Ml C Mi 
Mt «lit MIMIC» Oltl «lOIIIM» Oltl ■•OtC*«l».» 

•M C 
•M e oau 
Ml IIM 101«. • KLIÄ • tioniM • amuc - Mill • Mil 
Ml MIMIIC • 101«. • tOIIIM 
M7 C 
■M C NtiN M ■■ «IP 
Ml If IHmVIIIM.tltl.tlll 
Mt C 
Ml C «B MIC WltHI 
Mi litt rar«. • rar« • OIIMI 

Ml C 
M» C »I*tlC KIWI rM «■ KM 
M» IIM M      •atnii   i-iM      • out)     i 
•M 
MT c i*ii wca accK.(«iH 
•M «IM ir I0IUI IMtl.llVl.Mtl 
Mi C 
•it e IMI Mca MI 

•n •■•> i*iun • u»>ioiiii'«ooitot$Tui • eiiti*«ao>«ii - •UTII 

•it c 
•II c 
•i« c nie MM «a im CM I«M KCIIM 

•I* Mil H MM »l.« 
•it MMC«! MMiiMmHHi,Mi,iniHi,ir«iiMii 
MT C 

•M c tmmm. M m UMIM mm 
•i» c 
Ml irumWITM.TM,»« 
Ml C 
Mi TM IflMHIITM.TW.M 
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u/tr/n tmn imm MWUH CNMI «t - map    tmem mm MHU 

c 
imm*ts 

<n • *.• 
«•••■• 

«MM«« 
C 

C 
»i» moc • iMUNiti • ifuamiii-ruoiHitii"« / r.t 

• • tmu$uti-mmii»/t.» • iruemiii-fiwmiiii«'* / i.« 
• • «twin • iruaiHKi-rueniiiii 

• • iruentiit • ifuatNiiii(uaiNiiii/«.*> • 
• imtmn-immiiini.i • iruaiHiti-nianiiaii 
• • iruanuii - ii.t4uan«(i>nj«n«iii/*.«ii • eotnc 

• / iiruoiHiii-fuomiin • imtm\fi.fmmifmmii>*.it 

inn 

n* moc • tetec • ummOLttt» 

M C 
•11 miC • Itn  • »••» / DIMM • ll.t - l.l/SIMII 

mi • • iruomin • iruamitKruiimiiii/«.!! 
•«i • • inMiHiti-mamnn « JMCWIHI • nieniisi 

•m • • OTMIHIII - inwmiiiamaTHiiiii/t.tii • coinc 
•M • / nri • OP"» / eiMn • ii.o - I.O/OIMII 

•M • • iruonufi-ruaiHiin • «UHmi   • ruamuii 

•■7 C 
M ICOIC • K»IC • MHUMLCIIII 

■w «nie • inic • umiMUiiii 
•M C 
«i «COOK • iruotHin - fusmitii • catnc 

OK «Wit • KOSH • UWMUIIII 

ON NOON. • MDIl • THHIMUIfll 

on c 
ooo mao • .ra • ruamui • eoonc 
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